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ABSTRACT

A detailed case study of the microburst-producing storm on 20 July 1986 during the MIST Project is presented,
together with visual (based on cloud photogrammetry) and radar observations during the life cycle of the storm.
In particular, multiparameter radar information is seen to have important implications for operational detection
of this wind shear event. Noteworthy is the observation of a small shaft (less than 1 km in horizontal dimensions)
of near zero differential reflectivity (Zpg) surrounded by large positive Zpg values in the main precipitation
core within a microburst-producing downdraft. This “Zpg-Hole” implies a strong localized downdraft composed

of melting hail.

1. Introduction

In recent years.a class of violent thunderstorm out-
flows, called “microbursts™ have received a great deal
of attention owing to their devastating effect on aircraft
performance (Fujita and Caracena 1977; NTSB 1983;
Fujita 1985, 1986). Although an ~22 m s™' headwind-
tailwind differential as reported by Fujita (1986) was
instrumental in the Pan American airline crash at
Kenner, Louisiana in 1982, Fujita and Wakimoto
(1981a) have reported that some microbursts could
produce tornado-force damage up to F3 intensity (Fu-
jita 1981). In addition, Fujita (1985) has shown that a
microburst striking Andrews Air Force Base a few
minutes after Air Force One landed produced a total
differential wind speed across the microburst center of
greater than 110 m s™!!

In studying wind shear events, scientists are con-
fronted by two different problems:

1) to understand the differences between convective
storms that produce microbursts from storms that are
only accompanied by rain and relatively weak outflow.

2) to use current technology, by identifying signa-
tures or precursors in order to establish criteria to now-
cast! microbursts.

This paper deals with the latter issue.

! A nowcast is defined as a short period forecast of 0-30 minutes.

Corresponding author address: Roger Wakimoto, Dept. of At-
mospheric Sciences, University of California, Los Angeles, CA 90024.

In an attempt to solve problem 2, meteorologists are
faced with the difficult task of determining precursors
before the microbursts strike the ground so that the
information can be relayed to air traffic controllers who
in turn provide advisory warning products to pilots.
The three main tools for operationally detecting mi-
crobursts have been densely distributed surface weather
stations, satellite imagery and, most importantly,
Doppler radar (Wilson et al. 1984; Fujita 1985; Camp-
bell 1986; McCarthy et al. 1986; Roberts and Wilson
1986, 1987; Eilts 1987).

During the spring and summer of 1986, the MIST
(MIcroburst and Severe Thunderstorm) Project was
operated near Huntsville, Alabama, to determine the
three-dimensional structure of microbursts from thun-
derstorms in a wet (humid) region of the United States
(Dodge et al. 1986). The project was timely since the
two most recent microburst-related aircraft accidents
at New Orleans in 1982 (NTSB 1983) and at Dallas in
1985 (Fujita 1986) appeared to be caused by the type
of storm that might be encountered in the Alabama
area. On 20 July 1986, perhaps the most comprehen-
sive dataset on a microburst and its parent thunder-
storm was collected. Surface damage from the micro-
burst winds was located by ground and aerial survey
and estimated to have occurred at ~1324 CST with
surface divergence first detected at ~1321 CST.

A description of the MIST Project is presented in
section 2. Surface and upper-air data used to describe
the synoptic environment are presented in section 3.
Section 4 examines the 20 July microburst and parent
storm with the use of satellite imagery and Doppler
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FiG. 1. The MIST/FLOWS network in Alabama. The surface damage caused by the 20 July storm is shown. The CP-2 and CP-3
radars scanned the region in a Plan-Position Indicator (PPI) mode while the CP-4 radar collected data in a Range-Height Indicator (RHI)
mode. Photos of the parent thunderstorm were taken from the CP-4 site. Rawinsondes were launched from the Redstone site. The

boxed-in area is enlarged in Fig. 6.

radar information. Application of the dual-polariza-
tion, differential reflectivity (Zpgr) radar measurement
to detect storm microphysical evolution and subse-
quent microburst development is emphasized. A sum-
- mary and discussion of the results is presented in sec-
tion 5.

2. The MIST project

There have been two previous field studies that have
examined the microburst phenomenon: the NIMROD
(Northern Illinois Meteorological Research On Down-
bursts) and JAWS (Joint Airport Weather Studies)
Projects near the Chicago and Denver areas, respec-
tively. During the NIMROD Project in 1978 (Fujita
1979), single-Doppler data on several microbursts were
collected for the first time. Unfortunately, the large
base lines between radars (~60 km) did not allow for
any multi-Doppler reconstruction of thunderstorm

flow fields, which became one of the key scientific ob-
jectives of the JAWS Project in 1982 (McCarthy et al.
1982).

Based on surface mesonet data, it has been shown
that 155 of the 186 microbursts (83%) within the JAWS
network were dry, i.e., a microburst that is accompa-
nied by little or no rain (Wakimoto 1985). (This figure
may be misleading in that rainfall could have fallen
near the downdraft center in some cases but not at a
recording surface station.) The observation that severe
microburst wind shears may be associated with virga
shafts from innocuous-looking clouds with reflectivities
as low as 10 dBZ at 500 m AGL (Kessinger et al. 1986;
Roberts and Wilson 1986) may have been the most
important finding from JAWS. Examples of this type
of microburst are shown in Fujita (1985), and Mc-
Carthy and Serafin (1984, p. 120). In the latter case,
the peak wind speed was 23.5 m s~! and no rain was
detected at the surface. Dry microbursts are prevalent
over the High Plains owing to the deep dry layers (av-
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FI1G. 2. The 500 and 850 mb analyses for 1200 UTC 20 July and 0000 UTC 21 July. Black lines
are contours and dashed lines are isotherms. Temperature dewpoint depression, and height are

plotted. One ﬂag, full barb, and half barb denote 25 m s

! 5ms™! and 2.5 m s, respectively. The

small black box in northern Alabama on the upper-level charts at I200 UTC 20 July covers the same

area as Fig. 1.

erage cloud base ~500 mb) and insolation that fre-
quently produces a dry-adiabatic subcloud layer. Sev-
eral investigators have shown that with this type of
boundary layer, evaporative cooling is the primary
forcing mechanism for strong downdrafts even when
accompanied by little precipitation (Brown et al. 1982;
Caracena et al. 1983; Kamburova and Ludlam 1966;
Krumm 1954; Wakimoto 1985; Srivastava 1985).
However, in the southeast area of the United States
where there is a relatively shallow subcloud (and there-
fore dry-adiabatic) layer, evaporative cooling may not
be the only mechanism driving the downdraft. In ad-
dition, Srivastava (1985) has shown that microphysical
considerations are crucial in any downdraft calculation;
therefore, there will be important differences between
the cold cloud bases of storms over the High Plains
and the warm-based clouds over the southeast.

The foregoing considerations led to the organization
and operation of the MIST Project. MIST was only
one part of a much larger project entitled the Coop-
erative Huntsville Meteorological Experiment (COH-
MEX). The Federal Aviation Administration (FAA)
component of COHMEX called FLOWS (FAA-Lin-
coln Laboratories Operational Weather Studies) was
concerned with the development and testing of auto-
matic algorithms for wind shear detection using Dopp-
ler radar. The combined MIST/FLOWS network is
shown in Fig. 1. Readers interested in the description
of other observing platforms during COHMEX are re-
ferred to Dodge et al. (1986).

There were five Doppler radars deployed during the
project: the three NCAR (National Center for Atmo-
spheric Research) Doppler radars (CP-2, CP-3, and CP-
4) in support of MIST; and the FL-2 (Evans and John-
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FG. 3. Surface analyses for 1200 UTC 20 July and 0000 UTC 21 July 1986. Black lines are isobars. Temperature

and dewpoint temperature are plotted. One full barb and half barb denote 5 m s~

son 1984) and University of North Dakota (UND)
Doppler radars in support of FLOWS. Located
throughout the network were 41 NCAR PAM (Portable
Automated Mesonet) stations and 30 FLOWS mesonet
stations (Wolfson 1987) recording air temperature,
dewpoint temperature, pressure, wind speed and di-
rection, and rainfall data. In addition, there were 5
stations that comprise the FAA Low-Level Wind Shear
Alert System (LLWSAS) surrounding the Huntsville-
Madison County Airport. Two of the National Aero-
nautics and Space Administration (NASA) sponsored
rawinsonde sites (Redstone and Athens) are also shown
in Fig. 1.

3. Synoptic environment

Charts at the 500 and 850 mb levels for 1200 UTC
20 July and 0000 UTC 21 July are shown in Fig. 2. A
strong ridge built over the southern states at the 500
mb level with an axis oriented approximately east-west
from central Texas through Georgia. There are no ob-
vious short-wave troughs entering the Alabama area
on these two charts. At the 700 mb (not shown) and
the 850 mb levels, a distinct trough oriented northeast
to southwest is apparent through Michigan, Indiana,
Illinois, and Missouri at 1200 UTC 20 July and Ohio,
Kentucky, and Tennessee at 0000 UTC 21 July. Weak
cold air advection is noted west of the trough axis. The
small black box in northern Alabama shown at 1200
UTC represents the MIST area (see in Fig. 1).

A cold front at the surface (Fig. 3) is associated with
the short-wave trough at the upper levels. Recall that
the microburst occurred at 1324 CST (1921 UTC) on
20 July. Accordingly, the storm developed in the warm
sector ahead of the cold front. This prefrontal air mass
was moisture laden as shown by the fog reported
throughout the area at 1200 UTC. In the late afternoon
and evening at 0000 UTC a surface mesohigh formed
over northern Tennessee, Kentucky, and West Virginia

1

"and 2.5 m s, respectively.

as a result of vigorous thunderstorm activity along the
cold front. Also apparent in Fig. 3 is a trough over
South Carolina and Georgia which appears to be sup-
ported at the 850 mb level (Fig. 2). Scattered showers
and thunderstorms are reported ahead (southeast) of
this trough at 0000 UTC.

The sounding at 1200 CST (~90 min. before the
microburst) from the Redstone site located ~19 km
south southeast of the center of the microburst damage
is shown in Fig. 4. The observed cloud base on the
figure was based on a photogrammetric analysis of
cloud pictures and agrees with the convective conden-
sation level.

1200 CST
July 20,1986

REDSTONE

ﬂls/ny parcll
\ of air "4

woe Surfoce

FIG. 4. Sounding from the Redstone site approximately one hour
before the 20 July storm formed (see Fig. 1 for locations). The black
line and dashed line are the temperature and dewpoint temperature
curves, respectively. The dash-dot line represents the wet-bulb po-
tential temperature of a rising parcel. The melting level and observed
cloud base (based on cloud photogrammetry) are also indicated.
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TaBLE 1. Comparison of typical dry microburst and
20 July storm soundings.

Dry microburst 20 July storm

sounding sounding
Subcloud lapse Dry adiabatic Near dry adiabatic
rate
Subcloud layer 3.5km 2 km
depth
Subcloud Layer Constant Not constant
mixing ratio (3-5gke™) (~l4gkg™)
Lifted index Neutral e~ =T

At this time it may be useful to compare the sound-
ing in Fig. 4 with the model of the dry microburst
sounding developed by Wakimoto (1985) (Table 1).
The shallower subcloud layer on 20 July is not as fa-
vorable for evaporative cooling to produce a strong
downdraft; however, the relatively moist subcloud layer
may promote large negative vertical velocities based
on the results from Srivastava (1985). He has shown
that, without entrainment, high relative humidity re-
sults in stronger downdrafts since a descending parcel
is virtually cooler than the environment because it is
drier.

Figure 4 is similar to one shown by Eilts and Doviak
(1987) for an Oklahoma downburst from an intense
thunderstorm where a moist subcloud layer is topped
by a layer of dry air (the same feature is observed in
Fig. 4 at ~790 mb). The sounding at Redstone also
has a significant dry layer above ~570 mb resulting
in potentially cool air conducive to strong downdrafts
(Caracena and Maier-1987). Clearly, a detailed study
similar to the one performed by Wakimoto (1985)
needs to be undertaken to understand the forecast cri-
teria for wet microbursts in this region of the country.

4. Satellite and radar observations of the 20 July storm

a. Satellite imagery

During the field operations of MIST, the NCAR
Doppler radars performed coordinated sector scans
starting at ~ 1242 CST over the area where the 20 July
storm developed, well before any significant radar echo
was apparent. This action was prompted by the obser-
vation of a weak convergence line in the single-Doppler
velocity field, a situation often conducive to convection
initiation (Wilson and Schreiber 1986). Satellite im-
agery presented in Fig. 5 adds some insight as to the
possible origin of this convergence line.

The dominant cloud feature over Tennessee, Mis-
sissippi, Alabama, and western Georgia are the “cu-
mulus cloud lines” (Anderson et al. 1972) oriented
northwest-to-southeast. Caution must be exercised
when using these lines to define the low-level winds.
The surface analysis at 1800 UTC (not shown) and
0000 UTC 20 July (Fig. 3) only exhibit a tendency for
northwesterly flow based on the surface wind reports,
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a fact also confirmed by the Redstone sounding (Fig.
4), recording a westerly wind at the surface at 1200
CST (1800 UTC). However, at slightly higher levels
between the 850 and 700 mb levels, there was a per-
sistent flow from the northwest along which these cu-
mulus clouds were aligning. Recall that cloud base over
Northern Alabama was ~800 mb (Fig. 4). The rec-
ognition of this pattern is important since the 20 July
storm was one of many storms initiated along these
cloud lines over the southeast United States.

The enhanced cumulus activity along one of the cu-
mulus lines is shown in Fig. (5b) by the black arrow.
Recall that the image time is for the beginning of the
scan near 89°N latitude; therefore, the data over
northern Alabama is valid for ~1905 UTC (1305
CST). These corrected times will be useful when com-
paring with the radar analyses in section 4b. The storm
is well-developed by 1914 UTC (Fig. 5c) with the be-
ginning stages of an anvil apparent, which is clearly
visible by 1930 UTC (Fig. 5d). The microburst struck
the surface between these two image times. The images
at 2000 and 2030 UTC show the dissipation of the
storm with only the faint remnants of the anvil along
the northern Alabama border in Fig. 5f.

When viewing the satellite images in Fig. S, it is
striking that the microburst-producing storm over the
MIST network is not ominous in appearance, especially
when compared to other convective activity to the
southeast near the Alabama-Georgia border. This ob-
servation suggests that satellite imagery may not be
able to identify storms producing severe wind shears
as first proposed by Fujita (1978) and Fujita and Wak-
imoto (1981a). This supports more recent results from
Wakimoto (1983) and Fujita (1986), documenting
cases where visual and infrared satellite imagery did
not reveal an obvious signature conducive to micro-
burst activity.

b. Radar observations

The 20 July storm formed in the eastern part of the
MIST network as shown in Fig. 1. Streamlines of tree
and crop damage at the surface are shown on this figure.
All three NCAR radars performed coordinated sector
scans on the storm; CP-2 and CP-3 in a plan-position
indicator (PPI) mode and the CP-4 radar in a range-
height indicator (RHI) mode. Photos of the thunder-
storm using a 35 mm camera were also taken by Kevin
Knupp at the CP-4 site. Unfortunately, the UND and
FL-2 radars were not operational on this day.

An enlargement of the box shown in Fig. 1 is shown
in Fig. 6 which presents a time series of the PPI scans
from the CP-2 radar. The microburst impacted the
surface at ~ 1321 CST based on low-level Doppler ve-
locities and is shown by the black arrows at 1320:53
CST in Fig. 6 representing the direction of tree fall and
vegetation damage. The FLOWS mesonet station in-
dicates a slight shift in wind direction from the north-
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FIG. 5. Visual satellite imagery over the MIST network for 1830, 1900, 1914, 1930, 2000 and 2030 UTC 20 July 1986.
The black triangle denotes the location of the NCAR Doppler radars shown in Fig. 1.
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FIG. 6. Time series of PPI sector scans from the CP-2 radar for the 20 July storm. Black arrows at 1320:53 CST represent
direction of tree fall and vegetation damage caused by the microburst, based on a survey by Greg Forbes. Temperature, dewpoint
temperature, wind speed and direction, and station pressure from FLOWS mesonet station 9 are shown. One barb and half barb

denote 5 and 2.5 m 57!, respectively. Gray lines are topography.

northeast at 1326:44 CST as the outflow from the storm
expands. As shown by the topography in the figure,
the microburst occurred in a depressed geographic re-
gion surrounded by small hills.

From the position of the storm in Fig. 1, it is evident
that excellent multi-Doppler radar data exists to re-
construct the three-dimensional kinematic wind field
of the 20 July storm. Although this is currently being
accomplished and will be presented in a future article,
this paper is primarily concerned with operational as-
pects of the storm with recent technology for now-
casting microbursts. Accordingly, only single-Doppler
analysis and dual-polarization data are shown in this
section.

1) CLOUD PHOTOGRAMMETRY AND RADAR DATA
FROM CP-4

It was recognized early in the planning stages of
MIST that cloud photography would play an important
role in studying microburst-producing storms. Airline
pilots who often rely on visual observations to navigate
an aircraft would perhaps find this very enlightening.
Although Doppler radar information is invaluable, pi-
lots must know the appearance of these types of storms.
Accordingly, cloud photography combined with radar

data from the CP-4 radar provides a unique view of
the 20 July microburst storm.

An azimuth and elevation angle grid was superim-
posed on each cloud photo. Since the storm was ~ 14
km from the CP-4 radar site, it can be assumed that
this grid also corresponds to the azimuth and elevation
angles from the radar antenna. For each radar volume
scan the distance to the maximum reflectivity center
of the storm was determined. At this range a cross sec-
tion of radar reflectivities perpendicular to the radar
beam axis was constructed and then superimposed on
the cloud photo. The results of this photogrammetric
combination of cloud pictures and radar data are shown
in Fig. 7. The height grid on the cloud photos is based
on the distance to the maximum reflectivity center and
reveals a visual cloud base of ~1.8 km AGL.

The first cloud picture at 1303:10 CST was taken
before the CP-4 radar began collecting data (Fig. 7a).
No convective tower was visible at this time. By
1307:13 CST (Fig. 7b), a distinct growing tower de-
veloped reaching a height between 8-9 km AGL. The
radar reflectivities are surprisingly high with two cores
of over 60 dBZ. The edge of the cloud top corresponds
to the 10 dBZ isopleth, an observation noted previously
by Fujita et al. (1979). Even though the radar reflectivity
factor exceeds 50 dBZ below cloud base, visual obser-
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FI1G. 7. Doppler radar data from CP-4 photogrammetrically combined with cloud photos
for the 20 July storm. Photos taken by Kevin Knupp.
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vation at that time (and the original color pictures of
Fig. 7) did not reveal an intense rainshaft. This is un-
derstandable since radar reflectivity alone is not a true
indicator of the microphysics of storms. In the Rayleigh
limit, the radar backscatter cross section of a drop is
proportional to 4% (where dis the drop diameter); thus,
it is well known that a large number of small drops
can produce the same radar reflectivity as a small
number of large drops. It is believed that the lack of
an intense visual rainshaft yet high radar reflectivities
below cloud base in Fig. 7b is a result of a low con-
centration of large raindrops, a hypothesis that is con-
firmed in the next section using the differential reflec-
tivity (Zpr) measurement. It should be noted that the
rapid decrease of radar reflectivities close to the surface
in all of the figures is a result of “radar beam blockage”
from trees that are visible on the horizon.

The storm continues to grow rapidly and by
1311:02 CST (Fig. 7¢c) and has reached a height of ~10
km AGL. Owing to this unexpected growth, the CP-4
radar did not scan to the top of the storm as shown in
the figure. Radar reflectivities exceeding 60 dBZ were
still being recorded at the highest elevation angle. A
precipitation core of greater than 65 dBZ is located at
~6 km AGL. The first indication of an anvil is ap-
parent at 1313:19 CST (Fig. 7d). The storm top is ~13
km, close to the equilibrium level determined from the
Redstone sounding in Fig. 4. Although there are 4 cores

of radar reflectivities greater than 60 dBZ the main
core containing the 65 dBZ core has begun its descent
toward the surface. Based on Zpg radar observations
presented in the next section, it is believed that the
other 3 cores of 60 dBZ are comprised of large drops
while the main core is composed of ice particles. Al-
though a single Doppler radar cannot directly measure
downdrafts unless the antenna points vertically, the
rapid descent of a precipitation core and the collapse
of a storm are often indications of the initiation of a
downdraft. This is not surprising since precipitation
drag forces would be expected to be a maximum at the
precipitation core.

The descent of the main precipitation core continues
at 1316:13 CST (Fig. 7e) and is close to cloud base at
this time. Unfortunately, as this core descends below
cloud base at 1319:15 CST (Fig. 7f), the top of a trailer
is obscuring the foreground. The maximum radar re-
flectivity values have decreased below 65 dBZ. A de-
crease in reflectivity with decreasing height in a de-
scending precipitation core is suggestive of evaporative
cooling in a possible accelerating downdraft. However,
it is also possible to have decreasing reflectivity owing
to changes in precipitation type, particle size distri-
bution and fall speeds. Besides the descent of the main
precipitation core, another feature in Fig. 7 is the
weakening of the vertical gradient of radar reflectivity
factor near the cloud top. In Fig. 7b this gradient is
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~25dBZ km™' and reduces to ~10 dBZ km™" in Fig,
7f. In other thunderstorm cases observed during MIST,

this change in the radar reflectivity factor gradient was

almost always apparent, even when the descent of the
main precipitation core was difficult to locate.

A few minutes after Fig. 7f (~1321 CST) the mi-
croburst struck the surface at an azimuth of ~67° from
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1121:00 CST
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HG. 8. Cloud photos of the 11 July storm from the CP-4 radar
site. The descent of the main precipitation core is marked by a visual
change on the sides of the convective tower to a laminar/glaciated
appearance. An intense rainshaft is visible at the surface within min-
utes after this observation.

CP-4, The colocation of the maximum reflectivity core
with the microburst center has been previously docu-
mented by Roberts and Wilson (1986, 1987) using
JAWS data. The microburst reached full intensity at
1324:00 CST (Fig. 7g) as the maximum radar reflec-
tivity factor in the precipitation core decreased sub-
stantially. Maximum single Doppler velocity differ-
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ential across the microburst center (i.e., in the direction
in and out of the cloud photos shown in Fig. 7) observed
by the CP-4 radar was ~30 m s™!. The anvil which
first appeared glaciated at 1319:15 CST is now well
developed.

Approximately 8 minutes passed after the 20 July
storm reached its maximum visual height before the
microburst winds appeared at the surface. It should
also be mentioned that during the initial descent of the
precipitation core the sides of the 20 July thunderstorm
tower became laminar/glaciated in appearance. Un-
fortunately, this observation was not apparent from
the CP-4 site owing to low-level clouds in the fore-
ground, although it was observed from other locations
in the network. However, this change in the visual
structure on the sides of the main convective tower
during the initial descent of the precipitation core was
well documented for a storm on 11 July as shown in
Fig. 8. In Fig. 8a the storm is still growing and no visible
rainshaft is apparent beneath cloud base. It should be
noted, however, that similar to the 20 July storm, the
radar reflectivities (not shown) below cloud base ex-
ceeded 60 dBZ at this time. By 1121:00 CST (Fig. 8b)
the initial descent of the precipitation core has begun
and the sides of the convective tower between 4-5 km
AGL appears to be laminar/glaciated in appearance.
The first indication of a rainshaft has developed below
cloud base although the radar reflectivities are still be-
tween 50-60 dBZ. With the onset of a very intense
rainshaft at 1125:01 CST (Fig. 8¢) this laminar/gla-
ciated structure has expanded. This visual change in
the structure of the middle section of a convective tower
is important for airline pilots to recognize since it ap-
pears to be a signature of the initial descent of a pre-
cipitation core. Depending on the depth of the storm,
an intense rainshaft can be expected to reach the surface
within minutes after this visual observation.

There are two important points concerning this
change in the visual structure and its implications for
microburst warnings. First, each of the two examples
shown in Figs. 7 and 8 is an ‘““air mass” thunderstorm
(Byers and Braham 1949), i.e., a thunderstorm evolving
through three distinct stages (cumulus, mature, and
dissipating) in a relatively short period of time. It is
not clear that other storm types would exhibit this vi-
sual change. Second, although this laminar/glaciated
appearance on the sides of a convective tower is an
indication of the collapse of a thunderstorm it does not
necessarily imply dangerous microburst wind shears at
the surface. Only heavy rain and weak outflow were
detected at the surface for the 11 July storm!

2) MULTIPARAMETER RADAR DATA

The limitations of using radar reflectivity measure-
ments in determining the microphysics of storms was
discussed earlier. Many of these limitations are re-
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moved with the use of the NCAR CP-2 multiparameter
radar. The term “multiparameter” refers to measure-
ments made in addition to reflectivity and Doppler
velocity. This radar combines differential reflectivity
(ZpR), linear depolarization ratio (LDR), and dual-
wavelength measurements (10 and 3 cm) for deter-
mining the microphysical characteristics of storms
(Bringi et al. 1986a,b).

In this paper we focus on the differential reflectivity
or Zpr which was first postulated by Seliga and Bringi
(1976) as a means of estimating the median drop sizes
of exponentially distributed raindrop spectra. In rain-
fall, Zpg is generally in the range 0-5 dB, the positive
values being due to the nearly oblate shapes of the larger
raindrops coupled with a high degree of alignment of
their symmetry axis which is near vertical. Let the radar
reflectivity factors at horizontal (vertical) polarizations
be Zy(Zy). Then, the measurement of Zpg is shown
schematically in Fig. 9. The figure insert shows Zpg as
a function of median raindrop size D, for an exponen-
tial distribution of the form MD) = N, exp(—3.67D/
D) Since the oblateness of raindrops is a smoothly
increasing function of raindrop size (Pruppacher and
Klett 1978), the Zpr measurement can be directly re-
lated to the mean axis ratio of the raindrops and, hence,
to D, (Bringi et al. 1986a; Hall et al. 1980). The insert
of Fig. 9 also shows a spherical hailstone for which Zpg
= ( dB. While hailstones are generally nonspherical in
shape, they tumble while falling resulting in Zpg ~ 0
dB or even slightly negative (Bringi et al. 1984, 1986b),
while the corresponding reflectivity factor generally
exceeds about 45 dBZ. This feature, which can be used
to detect hailshafts penetrating below the melting level

Roindrops <0.3mm =+ Z..~0dB
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FiG. 9. Summary of typical Zpg values for raindrops of various
sizes and hail. These Zpg values are based on the median volume
diameter from Bringi et al. (1986a). The black arrows on the hail
particle represent the tumbling motions as it moves in a thunderstorm.
(Raindrop pictures courtesy of Cloud Physics Group at UCLA, hail
picture courtesy of Nancy Knight at NCAR.)
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is called the Zppg hail signature by Bringi et al. (1986b)
and Aydin et al. (1986). Graupel that is assumed to be
conical in shape does not generally exhibit complex
tumbling motions; therefore, their Zpy is in the range
0-0.5 dB (see Bringi et al. 1986a). However, as the
conical graupel melt to form raindrops the Zpg sig-
nature increases uniformly with decreasing height be-
low the 0°C level from ~0 dB to positive values (2-4
dB). Thus the vertical structure of Zpg below the 0°C
level gives an excellent indication of the onset and pro-
gression of melting ice into raindrops (see also Hall et
al. 1984).

In this paper the reflectivity, Zpr and mean Doppler
velocity fields from the CP-2 radar have been analyzed
jointly to sense remotely the microphysical evolution
of the 20 July microburst. The full multiparameter ra-
dar analysis for this case has been performed by Tuttle,
Bringi, Orville, and Kopp (personal communication,
1987) including a comparison with two-dimensional
model simulations. These results will be published
shortly.

Using the multiparameter information from the CP-
2 radar during MIST (see Fig. 1 for the radar location),
RHI cross sections of radar reflectivity, single Doppler
velocity, and Zpr were constructed through the 20 July
storm (Fig. 10). Velocity measurements combined with
reflectivity have been used by Roberts and Wilson
(1986, 1987) for identifying precursors for wind-shear
warnings; however, this is the first time that Zpg mea-
surements have been examined for a microburst-pro-
ducing storm.

In Fig. 10a (a time corresponding to Fig. 7a) there
are two small cells apparent with the larger cell having
reflectivities exceeding 40 dBZ. Based on Fig. 9, the
Zpr values at this time reveal that both of these cells
are composed entirely of raindrops (maximum Zpg
> 4 dB) apparently growing via the “warm” rain pro-
cess. Single Doppler velocity measurements, suggest
(as indicated by the dashed black arrow) a strong inflow
and updraft into the storm. It is amazing that in just
a few minutes the 1306:18-1308:49 CST cross section
exhibits tremendous growth of the larger cell owing to
the updraft support. There are still indications of strong
inflow into the storm and maximum Zpy values have
increased to 5 dB. This liquid precipitation above 5
km are supercooled raindrops based on the sounding
in Fig. 4. However, upon close examination of the re-
flectivity and Zpy fields in Fig. 10b, it becomes apparent
that a large fraction of the 60 dBZ core has relatively
low Zpg values, an indication that frozen precipitation
has developed. In fact the top portions of the cloud
(20-40 dBZ) have Zpg values between 0-1 dB. Again
in reference to Fig. 7b, it is interesting that the 20 July
storm does not visually appear to be glaciated even
though the multiparameter information indicates that
‘this has indeed taken place. One explanation is the
difference between a cloud photo revealing the visual
appearance of the cloud droplets and the radar mea-
surements from rain and ice particles. The cloud drop-
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lets are not radar detectable and could be supercooled
water and thus appear to an observer as a water cloud
even though frozen precipitation exists within its
boundaries.

By 1309:00-1311:32 CST (Fig. 10c) the cell has in-
creased in intensity with a substantial area of 60 dBZ
still supported by strong velocities away from the radar
leading into the main precipitation core. More impor-
tantly, the Zpr measurements suggest that this core is
almost entirely composed of ice. Indeed, the values of
radar reflectivity and Zpg within the main precipitation
core satisfy the criteria for hail as discussed by Aydin
et al. (1986).

The descent of the precipitation core is evident in
Fig. 10d. The strong inflow is no longer present in the
single-Doppler velocity measurements. It should also
be noted that there are no indications of a convergent
velocity field above the precipitation core, a common
precursor of a developing downdraft discussed by
Roberts and Wilson (1986, 1987). The Zpg values re-
veal an extensive area of ice above 5 km with large
raindrops below this level. This radar observed melting
level agrees well with the Redstone sounding shown in
Fig. 4. By 1314:51-1317:18 CST (Fig. 10e), the main
precipitation core has descended ~4 km and has re-
sulted in a “melting-level depression” (Bringi et al.
1986a) in the Zpg field at ~14.5 km from the radar.
At a height between 8-9 km, a convergent velocity
field is now apparent above the precipitation core.

In Fig. 10f, g, the single Doppler velocity field is not
informative except at the surface in Fig. 10g illustrating
the beginning of a divergent couplet centered at ~15.5
km associated with the developing microburst winds.
At the same time, the Zpg field shows a remarkable
evolution of the melting-level depression. A very nar-
row shaft (<1 km wide) of low Zpg (~0 dB) is de-
scending to the surface with the microburst. It should
be mentioned that the RHI sections shown in Fig. 10
are reconstructed from PPI scans; however, all values
for each individual radar gate (200 m in length) have
been plotted for each radial (average elevation angle
step ~1.5°) before contouring. In Fig. 10g, it is note-
worthy that the shaft of low Zpr does not appear to
correlate with the pockets of high radar reflectivity.

At 1323:47-1326:16 CST (Fig. 10h), the microburst
winds at the surface are clearly indicated by the Doppler
velocities. In addition, a well-defined “Zpgr-Hole” is
evident in the multiparameter field with several 0 dB
values within the 1 dB isopleth. The center of the mi-
croburst damage at the surface as determined from
ground and aerial survey is 123.38° azimuth at 15.68
km from CP-2. This is well-correlated with the center
of the Zpgr-Hole in Fig. 10h. This figure is an excellent
example of the microphysical variations across a fairly
uniform reflectivity field. Although there is a large core
of 50 dBZ and greater values, part of this precipitation
is large raindrops while the Zpgr-Hole is composed of
melting hail. The values of radar reflectivity and Zpg
again satisfy the criteria for the presence of hail as dis-
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cussed by Aydin et al. (1986). Further confirmation of
the microphysical characteristics of the Zpr-Hole was
provided by a chase team, which reported pea-size hail
at the surface. Note in Fig. 10h that the 60 dBZ core
does not correlate with the location of the Zpg-Hole;
this is similar to earlier analyses. This result is consistent
with findings by Burrows and Osborne (1986) that pre-
cipitation loading was of significance in the formation
of microbursts but may not have been sufficient in it-
self. They report finding strong downdrafts within the
50 dBZ contour; however, strong downdrafts were not
everywhere within the 50 dBZ contour.

5. Summary and discussion

An attempt was made to use the radar observations
of the 20 July storm to determine the operational ca-
pabilities of this remote sensing platform. In particular,
special attention was placed on the evolution of the
dual-polarization fields during the microburst event.
The identification of a Zpr-Hole accompanying the
microburst on 20 July 1986 may have important im-
plications for wind-shear detection. Although dual po-
larization techniques are not presently planned for op-
erational radars, they may be useful in locating a pos-
sible strong downdraft by identifying a localized cold
core of water-coated ice. It should be emphasized that
melting-level depressions have been documented before
(e.g., Bringi et al. 1986a); however, the extreme nar-
rowness (<1 km wide) in the horizontal dimensions of
the Zpr-Hole is a unique observation (compare Fig.
10 with Figs. 8b and 10b from Bringi et al. 1986b).
Although the small horizontal dimension of the Zpg-
Hole is surprising, the observation of melting hail
within a vigorous downdraft is not. Knupp (1985) and
Srivastava (1987) have already shown that melting and
evaporation of precipitation are primary mechanisms
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for driving an intense downdraft. The sounding in Fig.
4 supports strong evaporative cooling below cloud base.

Figure 11 is a schematic model illustrating the prob-
able evolution of the microphysics within the 20 July
storm based on the observations of the multiparameter
radar. In order to make a further assessment of the
reliability of the Zpr-Hole for microburst detection,
two other cases on 13 and 16 July are presented in Fig.
12. These two storms produced differential microburst
outflows of 14 and 17 m s™/, respectively, and would
be classified as moderate to weak wind shear. The
soundings for these two days are remarkably similar
1o Fig. 4 suggesting that the environmental conditions
for all three storms are the same and, therefore, direct
comparisons can be made. In Fig. 12 the black arrows
denote the centers of the microburst outflows which
are located directly beneath narrow Zpg-Holes (<1 km)
in both cases. However, unlike the 20 July storm the
minimum Zpg values are between 1 and 2 dB which
implies a core of rain mixed with melting hail. It is
interesting to speculate whether a relationship between
the minimum Zpg values of the hole and the micro-
burst outflow speeds exists. Furthermore, similar to the
20 July case, both storms in Fig. 12 illustrate that the
highest reflectivity values may not correspond to the
location of the downdraft. Recently, Jim Wilson (per-
sonal communication) has examined another micro-
burst producing storm on 24 June during MIST dis-
playing the same characteristics as shown in Fig. 10.
In that case, the Zpr-Hole was only a few radar gates
in length (<1 km) and minimum differential reflectivity
values were 0 dB.

The promise of detecting microbursts with Zpg-
Doppler radars should be considered before operational
radars are deployed. One of the controversial issues
concerning the use of single-Doppler radar observations
is how to deal with the asymmetries in the microburst
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16 July 1986. The black arrows denote the location of the center of the microburst at the surface.

outflows (Eilts and Doviak 1987) resulting in a di-
lemma as to whether an off- or on-airport site for the
radar is preferable (Wilson et al. 1984). Since the Zpg-
Hole is hypothesized to be axisymmetric, there would
be no preferred viewing angle. Furthermore, the descent
of the hole would be an excellent precursor when com-
bined with other criteria established by Roberts and
Wilson (1986, 1987) for microburst warnings. By care-
fully including important detection algorithms it is be-
lieved that a reliable Doppler radar system.can be de-
veloped to protect airports from weather-related haz-
ards.
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