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1. INTRODUCTION

The Terminal Doppler Weather Radar (TDWR)
testbed collected thunderstorm measurements in the Kansas
City area from March 27 through October 6, 1989. Of the
393 microbursts detected by the radar, 21 were classified
as severe, with a differential velocity > 24 m/s. None of the
severe events impacted terminal operations at Kansas City
International Airport (KCI). Nevertheless, there were 42 mi-
crobursts within 3 nautical miles of the airport.
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Figure 1. Map of the Kansas City area showing the track (x)
of the Claycomo microburst producing cell in 15 minute in-
tervals.

2. CASE STUDY

In this paper, a microburst that occurred on July 30,
1989 near Claycomo, Missouri (see Figure 1) will be ex-
amined. The outflow damaged trailers and uprooted trees
in the area. Winds in excess of 55 mph, pea-sized hail, and
3 1/2 inches of rain accompanied the storm. This was the
strongest microburst observed during the 1989 data collec-
tion season in Kansas City.

On July 30, microburst outflows were first detected

northwest of the downtown airport (MKC) at 0709 UT and
east of the University of North Dakota (UND) radar at

*The work described here was sponsored by the Federal Avi-
ation Administration. The United States Government assumes no
liability for its content or use thereof.

0806 UT. The echo which produced the Claycomo micro-
burst developed at 0820 UT in the vicinity of the earlier out-
flows. Tt attained a maximum storm top height in excess of
15 km AGL.

2.1. Radar Data

Figure 2 is a radial velocity plot from FL-2 at the
time of the maximum outflow. The wind shear is centered
29 km and 91° azimuth from the radar (A).

time: B7/38/89 B89:31:15 8.3 degree elevation

Figure 2. FL-2 radar velocity plot at 09:30:51 UT, the time of
maximum outflow strength. Range rings are labelled in km.

Figure 3 is a synthesized vertical cross section plot
(RHI) of the storm cell for velocity. This RHI was generated
along the 91.5° azimuth and shows the maximum outflow
(A in figure 3) and vertical structure of the storm. Conver-
gence can be seen at approximately 2 km above the surface
(B in figure 3). The RHI was created from available PPT data
using scans ranging from 0.4° to 39.9° elevation. Gaps be-
tween consecutive tilts were then filled using a Cressman
weighting interpolation technique.



the outflow was stronger at lower levels since UND recorded

a peak differential velocity of 45 m/s over 3 km at a height

of 70 meters AGL. The peak shear was observed on the first
- available surface scan from UND.

2.2. Microburst Features

Figures 5a and 5b present a summary of the velocity
features aloft and reflectivity features observed by the FL-2
_radar throughout the life cycle of the microburst. These
features were manually extracted from the radar data to cor-
respond with those expected as microburst precursors by
the automated TDWR microburst detection algorithm
(Campbell 1989). The initial time of the microburst outflow
is represented by T = 0. The microburst reached its peak
velocity differential of 38 m/s at T + 42 minutes (indicated
by the heavy vertical line in each plot). Upper level diver-
gence first occurred at T - 15 minutes and reached a peak
intensity of 25 m/s at T + 37.5 minutes. Anticyclonic rota-
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Figure 5. (a) Velocity features aloft observed throughout the life
cycle of the Claycomo microburst. (b) Height of the reflectivity core
throughout the life cycle of the Claycomo microburst.

tion is first observed at T - 13 minutes; however, this feature
is not consistently observed until after the initial microburst
outflow. It reaches a maximum intensity of 32 m/s over 1°
azimuth. At a distance of 30 km, this represents a single-
Doppler vorticity of 61 x 10 ~? s™\. The rotation produced
in this downdraft is comparable to the vertical vorticity of
a misocyclonic microburst observed in Colorado (Kessinger

Figure 4. UND radar velocity plot showing the maximum outfiow et al. 1984). The severity of this microburst could have been
strengthy ar 70 m: AGL, Range. rings are labelled i km predicted by the increase in the depth of the reflectivity core




and the intensity and trend of mid- and upper-level features
such as anticyclonic rotation and upper-level divergence.

2.3. Liquid Water Based Measures

The average vertically integrated liquid water (VIL)
was estimated at a 45 dBZ contour using a prototype algo-
rithm based on Greene and Clark (1972). The volume of
integration was the three-dimensional structure based on
the 45 dBZ storm boundary (Figure 6) which is recognized
by the TDWR microburst detection algorithm as described
in Merritt et al. (1989). The integration method uses a vol-

Altitude CGZ

Figure 6. An example of a the reflectivity regions found in a cloud,
their centroids, and the resulting CGZ.

ume weighted average of estimated liquid water content in
the two-dimensional (tilt) regions followed by midpoint inte-
gration in elevation. The average VIL (as shown in Figure
7b) is then calculated by dividing the mass by the cell's area.
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Figure 7. (a) Velocity Differential and Altitude of Center of Mass

(CGZ) @ 45dBZ contour vs. ATime (b) VIL (@45 dBZ contour)

vs ATime for Claycomo, Missouri microburst on July 30, 1989.

T=0 is 084828 UT.

The altitude of the center of mass (CGZ) shown in Figure
7a was estimated at the 45 dBZ contour. As shown in Figure
6, 45 dBZ regions whch overlap are associated together by
the TDWR microburst detection algorithm. The CGZ is cal-
culated as follows:

M Z

CG2 =
2 M

where M; are the masses of the individual regions and Z;
are their altitudes, with i denoting the particular region. Be-
cause the regions actually represent a wedge shaped section
of space, this does not give a true center of gravity (the esti-
mate will always be low), but it is a good first-order esti-
mate,

Figure 8 is a time series of contour plots of this
storm’s reflectivity. Figure 8a is 11° PPIs which were se-
lected to reveal the storm structure at 5 km AGL. Figures
8b and 8c are time series of synthesized RHIs at two differ-
ent azimuths in the storm which shift in order to track signif-
icant features at different times. Figure 8d is the FL-2 ra-
dial velocity differential through the surface outflow plotted
to the same time scale.

By examining this figure we can see that this was
a complex multicell storm. The pulses in surface velocity
differential can be associated with distinct sub-events in the
storm evolution. Cell growth appeared on the western flank
while cells collapsed to the east. The center of divergence
was closely correlated in both time and space to the collaps-
ing cells.

The TDWR microburst detection algorithm associ-
ates all of these sub-events into one large event because of
the high reflectivity of the cells and their close proximity.
The CGZ product was not able to resolve all of these sub-ev-
ents, but it does show a pulsing behavior before each major
pulse in the surface outflow, with descents at times -6, 13,
21, and 37 minutes. These descents preceded the surface
velocity differential with mean lead times of 2.5 minutes for
pulse onset and 7.5 minutes for pulse peak. We believe the
increases in CGZ prior to the descents were caused by 1)
formation of new precipitation aloft and 2) a loss of precipi-
tation loading from the bottom of the storm from a previous
cell’s collapse. The descents of CGZ were made apparent
by their preceding increases; it is not clear whether CGZ
would be effective in identifying these sub-events, and thus
anticipating pulses in velocity, in other multicell storms.

The average VIL reached its peak 3 minutes before
the peak outflow. Tt does not appear to be a good predictor
for the timing of the pulses in this microburst. However,
it was a good predictor of the strength of these pulses. The
VIL values calculated at the beginning of each core descent
(as sensed by CGZ descent) were 12, 19, 25, and 27 kg/m?.
The peaks of the subsequent divergence pulses were 18, 20,
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Figure 8. (a) Time series of 11° PPIs with contours at 45 and 50 dBZ. Solid areas are above 55 dBZ.

(b) and (c) synthetic RHIs at selected azimuths through the st

shown in (a).

orm. The contours and time scale are the same as in the PPls

(d) FL-2 surface velocity differential magnitude (mls) plotted to the same time scale.

25 and 38 m/s. Thus, higher VIL values were associated
with greater surface velocity differentials.

2.4.  Aircraft Hazard Index

Figure 9 is a plot showing AV and AV/AR throughout
the life cycle of the microburst, It can be seen from this plot
that the maximum AV/AR was not coincident with the time
of maximum AV. The event pulsed a number of times prior
to dissipation. In fact, the AV of the outflow was greater
with each subsequent pulse.

An assessment of how this microburst would have
affected an aircraft’s performance can be made by consider-
ing the F-factor, a derived quantity which characterizes the
effect of a wind shear encounter on the flight performance
of an aircraft as a function of AV/AR. Targ and Bowles
(1988) define the F-factor as:
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Figure 9. AVIAR (mls per km) and AV (m/s) vs. ATime (min.)
(FL-2) for the Claycomo, Missouri microburst on July 30, 1989.
T=0 is 084828 UT. The heavy vertical line indicates the time of

maximum surface outflow.

where v is the flight path angle, TAS is the true air speed
of the aircraft, g is the gravitational constant of acceleration,
and W is the vertical wind velocity. The substantial deriva-
tive with respect to time is given by:



Dv §v Sv. &v
X - X + - X VV x

Dt 8t ox 8z

where Vj, is the horizontal component of the aircraft veloc-
ity, V, is the vertical component of the aircraft velocity, and
8v,/dx and 8v,/dz are the horizontal and vertical components
of the wind, respectively, along the flight path of the aircraft.
Assuming a “frozen” wind field in time, stable flight
(y = 0), and V}, = TAS, the F-factor is approximated by:
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In a paper by Elmore and Sand (1989), F-factor was plotted
as a function of AV/AR for 39 microbursts. In their analysis,
a TAS of 75 m/s was used in the space-to-time conversion
from AV/AR to Dv,/Dt. W is estimated from a sine wave
model of divergent outflow. An F-factor of 0.13 is said to
be the nominal value for aircraft performance to be margin-
al for level flight.

In the case of the Claycomo microburst, the maxi-
mum AV/AR of 12.2 m/s per km would correspond to an
F-factor of 0.186, significantly above the hazard threshold
of 0.13 (indicated by the horizontal line in Figure 10). Fig-
ure 10 is a plot of F-factor throughout the life history of
the microburst. It can be seen that the F-factor peaked
above the hazard threshold five separate times and re-
mained above this threshold for four minutes at the time
of maximum AV. The maximum AV/AR of 14.1 m/s per km
as seen by the UND radar (not plotted) would correspond
to an F-factor of 0.21(X in figure 10), a considerable hazard
to an aircraft penetrating the outflow. This is comparable
to the F-factor calculated for a hazardous microburst wind-
shear on July 11, 1988 at Denver's Stapleton Airport
(Schlickenmaier, 1989). Due to scanning strategy, UND
data is only available from 093115 UT through 094307 UT
(41 to 47 minutes). '
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Figure 10. F-factor vs. ATime (Fi-2) for the Claycomo,
Missouri microburst on July 30, 1989. T=0 is 084828 UT.
X corresponds to the UND peak F-factor

3. CONCLUSION

On July 30, 1989, a strong multicell thunderstorm
near Claycomo, Missouri produced a microburst with a
maximum differential velocity of 45 m/s. This was the
strongest microburst observed during the 1989 data collec-
tion season in Kansas City. The microburst was preceded
by mid- and upper-level velocity features as well as a de-
scending high reflectivity core. For this case, each surface
velocity differential pulse was preceded by a descent in
CGZ. The average VIL at the beginning of the CGZ descent
was a good predictor of the ranking of the surface velocity
differential pulse magnitudes. An analysis of the maximum
AV/AR and F-factor revealed that this microburst would
have been a considerable hazard to an aircraft penetrating
the outflow.
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