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I ~STRACT

!!
This report investigates the observability of ,Iow-level wind shear events using Doppler

weather radar through a comparison of radar and surface wind sensor data. The data
were collected during 1986 in the Huntsville, AL area as part of the FM Terminal Dop-
pler Weather Radar (TDWR) development program. Radar data were collected by both
an S-band radar FL-2) and C-band radar (~). Surface data were collected by a
network of 77 weather sensors covering m area of nearly 1000 square km centered ap-
proximately 15 km to the northwest of the FL-2 radar site. The W site was located at
the approximate center of the surface sensor network.

I

I

I

A list of 131 microbursts which impacted the surface sensor network is presented.
Particular emphasis is on the 107 events for which both radar data and surface data were
available. Of these events, 14 were not observed by tie surface network, while two events
were not identified as microbursts by radar. Possible explanations of these missed
microburst identifications are presented. The first case was an instance of the radar
viewing a weak, asymmetric event from an unfavorable viewing angle. The second case
describes an extremely shallow microburst outflow occurring at a height too low to be
observed by the lowest elevation scan of the radar. h each of tiese cases, the featured
microburst was very weak and, ”although a microburst-strength differential velocity was
not observable by radar, in both instances the divergent wind pattern associated with the
event was clearly evident in the radar velocity data field. All microbursts which exhibited
a differential velocity of in excess of 13 ds were identified by radar. No microbursts
went unobserved as the result of insufficient signal return.
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I. INTRODUCTION

During 1986, Doppler radar and surface weather data were collected in
Huntsville, AL as part of tie FAA Terminal Doppler Weather Radar @WR)
program [Evans and Johnson, 1984]. The primary objective of the project is to
investigate the detectability and predictability of low-level wind shear events in
order that an automated alert system may be developed and implemented
operationally. Of particular importance is the horizontal wind shear associated
with microbursts, which are strong, small-scale downdrafts producing
divergent outflow winds at or near the ground. These divergent winds have
been shown to be a potential hazard to aviation [Fujita, 1980; National
Research Council, 1983; Fujita, 1985]. The use of Doppler radar. has been
presented as a potentially effective method of detecting such wind shear events
[Wilson, et aI., 1984]. This report investigates the observability of microbursts
using Doppler radar, through a comparative analysis of the 1986 Huntsville
radar and surface sensor data.

Radar data were collected from two radars during the period of April
through December 1986. The radars used were an S-band radar @L-2) deve-
loped and operated by Lincoln Laboratory for the FAA [Evans and Turnbull,
1985] and a C-band radar operated for the FAA by the University of North
Dakota ~). The FL-2 radar was located just outside the northwest
perimeter of the Huntsville Airport, while the W radar was located
approximately 15 km to the northwest of the airport (see Figure, I-1).

Surface weather data were collected from three separate (but overlapping)
networks of surface sensors which collectively covered an area of nearly 1000
square km centered approximately 15 km to the northwest of the airport. Data
were collected during the period of April through December 1986 from two of
the three networks: the F~ncoln hboratory Operational Weather Studies
@OWS) surface mesonet consisting of 30 PROBE @ortable Remote
Observations of the Environment) weather stations [Wolfson, et al., 1986],
and the network of 6 Low-bvel Windshear Alert System @WAS) sensors
surrounding the Huntsville Airport. The data collected by the PROBE mesonet
included measurements of barometric pressure, relative humidity,
temperature, precipitation rate, average and peak wind speed, and average
wind dlrectiom, the LLWAS sensors recorded wind speed and direction only.
Together these two networks covered an area of approximately 500 square km,
with an average station spacing of approximately 3 to 5 km. During the period
of June-July 1986, surface sensor data were also collected by the NCAR
second generation Portable Automated Mesonet &AM Q network [Rke, et.
al., 1983] of 41 stations as part of the Mlcroburst and Severe Thunderstorm

1
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~S~ project [Dodge, et al., 1986]. These sensors collected measurements of
the same meteorological parameters as the PROBE stations, and their inclusion
during June and July extended the total area! coverage of surface data to
approximately 1000 square km. It also increased ‘he station density such that-
in the densest portion of the network (within 20 km to the north and west of
the ~-2 radar) it was comparable to that of the enhanced Denver UWAS
system currently under d~velopment, with a typical distance of 1 to 4 km
between stations. Outside of this area, the typical distance between stations
was considerably less, ranging from 4 to 8 km. The locations of all 77 surface
smtions, as well as the mmways of the Huntsville Airport, are also shown in
figure 1-1. The. three surface networks will henceforth .be referred to.
collectively as the “mesonet~.

This report focuses on tie observability of rnicrobursts which impacted the
mesonet of surface sensors in the Huntsville area during the 1986 data
collection period. k contrast to other studies: which assess microburst
algorithm detection performance, particularly as applied to the developmental
TD~ system [Merritt; 1%7], the approach here is to investigate the
observability of .microburst divergence signatures in Doppler radar velocity
fields as associated with divergences observed at..the surface by the mesonet.
This distinction is illustrated +n.F~gure I-2. The objective of this study is to
examine the frequency with which a microburst may be undetectable by a
radar-based system, not because of a failure of algorithms to correctly
interpret a velocity field, but rather because the wind shear occurring near the
surface is not observable in the velocity field. This report addresses the
possibility tiat such events may be unobservable due to effects such as (1) low
signal-to-noise ratio, (2) the radar beam scanning too high above surface
divergence features, and/or .(3) asymmetry in the surface wind field resulting
in an underestimation of the low–level divergence [Ellts and Doviak, 1986].

Chapter ~ of ti]s report describes the methodology used in identifying a
microburst tirough analysis of both radar and mesonet data. Chapter ~
provides a summary of observed microbursts and results of radar/mesonet
comparisons. Chapter N focuses more closely on particular events which
were not identified by radar. Chapter V provides a summary of conclusions,
and Chapter W presents a discussion of plans for continued data analysis.
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Figure I-2. Relationship between studies ofmiCroburst obsemability (upper portion)

and microburst algorithm detectability (lower portion.)
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II. ME~ODOLOGY FOR MICROBU~T IDE~FICA~ON

~is chapter describes the criteria and procedures used to identify
microbursts using Doppler radar and surface sensor data.

A. Mlcroburst Definition

A downburst is described [Fujita, 1985] as “a strong downdraft of
damaging winds on or near tie ground.” me outflow winds from such an
event are highly divergent and may be either straight or curved. Fujita
subdivides downbursts according to their horizontal scale of damaging winds,
where the term “macroburst” is used to describe a large downburst with
outbwst winds extending in excess of 4 km horizontally, while “microburst” is
used to’describe a small downburst whose damaging outflow winds extend no
more tian 4 km. ~s distinction is important in that the wind shear produced
by a microburst is on a scale that is more likely to pose a hazardous threat to
aviation. Analysis of radar and surface data involved detection of W]s
divergent wind shear as the primary identifying feature of microbursts.

B. Mlcrobmt Identification Using Wdar Data

Doppler radar allows viewing of the radial component of wind velocity as
represented by the motion of hydromettiors and other atmospheric particles.
me microburst signature is identified in the radial velocity field as a divergent
oufflow at or near the ground. ~s signature appears as a couplet of adjacent
approaching (negative) and receding @ositive) radial velocities, usually
embedded within some larger scale mean flow. @ idealized sketch of a
divergent velocity couplet is shown in figure D-1. Observation of Wls
divergent pattern in both real time and playback modes was used as an
indication of a microburst event. h order for an event to be classified as a
microburst, it had to exhibit a minimum veloci~ differential of 10 ds within a
horizontal range of no more than 4 km along a radial, emending across the
outflow area. ~ls criterion provides a threshold similar to those which are
currently being used in operational microburst detection algorithms. However,
the algorithms typically apply additional requirements, such as tests for spatial
and temporal continuiV [Merritt, 1987] and association between features at
We surface and those deft [Campbell, 1988]. Also, the data analysis
performed by meteorologists to assess algorithm performance apphes the same
differential velocity threshold as that presented here; their methodology is
somewhat less constraining, however, as measurements are allowable across a
velocity couplet whose orientation is offset from the radial direction.



Figure II-1. Idealized sketch of radial velocity couplet, as viewed by radar from south

(bottom of page). Heavy solid arrows indicate wind streamlines. Dashed lines and thin
solid lines represent contours of positive and negative radial velocity, respectively.

The FL-2 radar was used as the primary source for radar data in identifying
microbursts. However, W radar data was used when -Z data was not
available, or if an event identified by the surface mesonet went unobse~ed by
-2. For each microburst, the time of maximum differential velocity
exhibited in the radar data analysis was recorded. It should also be noted that
the scanning sequence used in 1986 often included a number of range-height
scans and high-elevation scans which resulted in a slow update rate of
low-elevation scans (4-5 minutes), thus diminishing the temporal resolution of
available data. As a result, the observability of a small percentage of events
was deemed inconclusive, and were categorized with those events for which no
radar data was available. Scanning strategies currendy in use provide a faster
update rate (approximately once per minute), thus minimizing this limitation.

. .

C. Mlcroburst Identification Using Surface Data

Surface sensor mesonet data is received at Lincoln Laboratory and
converted to a common format for further processing ~olfson, et al., 1986].
For each day of data, values of the various meteorological parameters are
plotted on a 24-hour time series graph for each station. These plots were
analyzed for evidence of shear events, with the primary indicator being a sharp

6
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pe~ in wind speed at one or more stations, accompanied by a change in wind
direction. Other indicators include an abrupt change in temperature, pressure,
and/or relative humidity, as well as the occurrerice of precipitation. More
detailed information on these indicators is discussed by Fujita [1985] and
Rinehart, et al. [1986]. Once potential shear events were identified fro,m the
24-hour plots, a series of one-minute wind barb plots findicating wind speed
and direction) were analyzed for the appearance of surface divergence. As
wi& the radar data, a divergence of at least 10 tis across a distance of no
more than 4 W was necessary in order to classify an event as a microburst.
~]s was determined by examining the divergent area for at least one pair of
stations showing a minimum differential velocity of 10 Ws using the wind
component along a line through the station pair @lgure U-2):

Figure II-2. Wind components measured along a line through stations a and b, used for

differential velocity calculations.

~ areas of the mesonet where the station spacing was greater than 4 h,
formal calculations were performed to determine whether the area of divergent
winds exhlblted the necessary horizontal shear of at least 2.5x1O’3 s-] ,
equivalent to a 10 ds differential velocity across 4 h. These criteria were
required to be maintained for at least 2 minutes in order for an event to be
classified as a microburst. For each microburst, the duration for which a
surface wind divergence was apparent (not necessarily above threshold) was
noted.

The reliability of the methodology described herein as a sui@ble approach
for microburst identification was supported through comparison with a parallel
study performed under the direction of T. Fujita at the University of Chicago
using a subset of the 1986 Huntsville data. ~eir methodology was based on
an objective single-station detection algorithm [Fujita, 1985]. Results from the
two studies showed consistency in identifying microbursts, with most
discrepancies easily explairiable by the differing characteristics of the two
identification approaches @e& wind threshold - vs. - surface divergence
threshold).

7
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III. SUMUY OF WSUL~

j A total of 131 microbursts were identified which impacted the surface
mesonet area. A complete listing is presented in Table ~-l. For each,
microburst, the table indicates the date, time period of surface divergence,

~ identification by surface mesonet and/or radar, location with reSPeCt to

J indicated radar, approximate maximum velocity differential measured by
radar, values of negative/positive velocity couplet, and the time at which the,
radar observed maximum differential velocity. The approximate 10catiOnof

I
]>, each microburst is plotted in Figure ~-l.

I A statistical summary of microbursts detected is as follows:

~.,, Total Microbursts Identified 131

, No Radar Data Available 24
! Radar Data Available 107

Identified by Both Mesonet and Radar 91
Identified by Radar Only 14
Identified by Mesonet Only 2

Of primary significance to tils study are the 107 events for which both
radar data and surface mesonet data were available for comparison. As

j indicated, there were 16 events which were not identified by both the surface
mesonet and the radar. 14 of these events were “misses” by the mesonet.
These 14 events can be ftier subdivided as follows:

Microbursts Identified by Radar Only 14

Divergence Observed 6

hsufficient Spacing 3
Event Occurred at Mesonet Periphery 3

. . No Divergence Observed 8

.1 - hsufficient Spacing 8
i ‘ Event Occurred at Mesonet Periphery O

9



Table III-1
1986 Huntstie Mesonet Wpactig ~crobwsts

Time refers to duration of divergent surface winds as observed by mesonet. Mesonet
Identification: Y=Yes, N=No, D=Divergence (below microburst threshold) only. Radar
Identification: ~-2~=identified by indicated radar, N=No, ND=No Data. Location is
range/azimuth with respect to cited radar (or ~-2, when no radar is cited). Wximum
AV, couplet values, md time of maximum AV are as observed by radar.

Approx. Approx. Approx. ~ AV
Identified by Location W AV Couplet

W Date Time ~ ~SO fiAR (h, deg) (ds)

1 6 Apr 1839-1914 Y
2 24 May 1143-1220 D
3 27 May
4 27 May
5 1 June
6 1 June
7 2 June
8 2 June
9 3 June

10 3 June
11 3 June
12 3 June
13 3 June
14 7 June
15 7 Jfie
16 7 June
17 8 June
18 8 June
19 8 June
20 8 June
21 8 June
22 8 June
23 8 June
24 8 June
25 8 June
26 8 June
27 9 June
28 10 June

1933-1957
2008-2030

2120-2213

2201-2216

1729-1812

1733-1830

1847-1908
1855-1909
1910-1930
1909-1933
1937-1950
1704-1718

--

1719-1727
2103-2118
2136-2200
2218-2233
2230-2241
2248-2259
2252-2322

--

2246-2304
2256-2304
2300-2333
0815-0828
2028-2034

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
D
Y
N
Y
Y
Y
Y
Y
Y
Y
N
Y
Y
Y
Y
Y

16,265
11,360
4,285

13,300
4,305

12,310
12,305
14,340
19,260
15,280
19,315
20,310
23,340
18,260
12,340
7,360

21,305
12,250
8,195
5,330

15,265
7,295

18,270
15,290
12,260
10,280
23,300
3.005

14
12
15
12
15
--
--

—

12
12
21
16
12
22
16
19
—
--

16
11
14
12
14
14
—

16
—

10

(ds)

-15,-1
-2,+10
-8,+7

-2,+10
-12,+3

—
--
--

-2,+10
-3,+9

4,+17
-1,+15
4,+8

-18,+4
-5,+11
-3,+16

--
--

-12,+4
-1,+10
-4,+10
-1,+11
-5,+9

+1,+15
--

-6,+10
—

-1,+9

1838
1159
1942
2008
2201
2201
--
--

1854
1857
1911
1917
1942
1705
1721
1721
—
--

2225
2240
2253
22S4
22S7
22S7
—

2309
--

2029

-.
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Table ~-l (continued)

Approx. Approx. Approx. Max AV
Identified by: Location Max AV Couplet Observ.

29
30
31

. . 32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
S2
S3

,. - 54
.55
“S6,.
s?
S8
S9
60
61
62
63

17 June 1943-2009
17 June 2000-2013
17 June’ 2006-2031
17 June 2008-2011
17 June 2012-2044
29 June 11S7-124S
29 June 1231-1257
1 July 1800-1809
i July 1811-i840
1 July 1816-1826
1 July 1816-1830
6 July 2032-2106

11 July 000S-001S
11 July 2004-2019
11 July --
11 July 2004-20S0
11 July 2008-2038
11 July 2008-2038
11 July 2021-2034
13 July 2010-2030
i3 July 201S-2021
13 July 2019-2028
13 JuIy 2016-2040
13 July 2027-2038
13 July 2028-2035
13 July 2031-2041
13 July 2034-2048
13 July 2036-20S1
13 July 2040-2048
13 JUIY 2040-2101
13 Juiy 2044-2109
13 JUIY 20S7-2101
13 July 20S9-2112
13 July 2103-2113
13 July 2112-2117

YND
YND

YND

YND

YND

Y FL-2
Y m-z
Y m-2
Y mz
Y &2
Y m-2
Y W-2
Y FL-2
D m-2
N FL-2
Y FL-2
Y -2
Y m2
Y FL-2
Y FL-2
Y FL-2
D FL-2
Y -2
Y FL-2
Y m-z
YND
Ym
Yw
Y N*/~)
Y FL-2
Y m-z
Y W-2
Y -2
Y m-z
Y m-2

21,340
14:325
17,300

20,305

32,290

12,360

17,280

18,290

9,29S

7,31s

10,30s

7,025

23,340

28,310

26,290

10,300

24,28S

13,330

24,330

18,280

16,305

26,280

30,27S

6,26S

8,31S

22,29S

12,085

13,12S

19,31s

14,26S

7,26S

20,330

17,31s

18,310

16,31S

(m/s)

--

—-

--

--

--

14
13
14
18
27
14
14
12
14
1s
24
16
17
1s

21
17
18
18
13
14
--

18
22
--

17
28
14
21
23
26

-—

--

--

--

-—

-4,+10

-’10,+3

-13,+1

-8,+10
-17,+10

-4,+10

-9,+5

-4,+8

-13;+1

-12,+3

-18;+6

-1s,+1

-11,+6

-8,+7

-23,-2

-13,+4

-17,+1

-22,-4

-12,+1

-11,+3
--

-3,+1s

-10,+12

-12,+5

-21,+7

-7,+7

-13,+8

-22,+1

-2s,+1

—-

--

——

—-

--

1237
1244
1804
1820
1820
1821
20s 1

0012

2004

2006

2031

2009

2032

2023

201s

201s

2024

2028

2028

2028
--

2040

2040
-—

20s1

20s2

20S8

20S8
2113
2113

11
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~# Date

64 13 Juty

65 14 July

66 14 July
67 14 July

68 16 July

69 25 July

70 25 July

mme (UT)

2112-2121

0428-0440

2340-2346

2348-2359

1831-1910

2136-2145

2143-2159

71 25 July --

72 25 ~Uly 2147-2205

73 28 July 1746-1805

74 29 July 0127-0134

75 29 July 0135-0149
76 29 July 0142-0147

77 29 July 0201-0210

78 1 Aug 0247-0304
79 1 Aug 0304-0320
80 8 Aug 0002-0008
81 9 Aug 1954-2031
82 9 Aug 2009-2020
83 10 Aug 2305-2330
84 10 Aug --
85 10 Aug 2317-2326
86 10 Aug 2317-2327
87 10 Aug --
88 10 Aug 2328-2355
89 10 Aug 2343-0002
90 10 Aug 2354-0000
91 10 Aug 2358-0030
92 11 Aug 0030-0057
93 11 Aug 0039-0117
94 11 Aug 0101-0112
95 11 Aug 0104-0111
96 11 Aug 0109-0119
97 11 Aug 0116-0123
98 11 Aug 0116-0123

Table ~-l (continued)

Approx. Approx.
Identified bv: Location Max AV

~SO WD~ (km, deg) (m/s)

D
Y
Y
Y
Y
Y
Y
N
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
N
Y
Y
N
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

FL-2 9,015
W-2 20,335
ND 16,350
m 13,325
ND 16,285

UND 20,130
m-2 6,140
FL-2 5,030

FL-2 4,120

FL-2 14,280
FL-2 . 6,355
ND 7,320

W2 3,070

m 3,195

FL-2 13,280

FL-2 16,295

FL-2 8,030

w 20,130

UND 19,115

UND 17,132
-.

10,090

- 15,110

UND 15,120

UND 12,125

- 14,105

UND 13,100

UND 12,145

UND 13,120

- 17,160

UND 4,195

UND 13,155

- 14,135

UND 13,155

UND 17,180

UND 15,135

12

10

17

--

--

--

16

18

12
22
13
11
-—

18

23
14
24
16
22
10

20

14

18

12

14

26

16

40

23

34

11

14

18

12

13

Approx. Max AV
Couplet Observ.

(m/s) Time(UT)

-12,-2
-8,+9
--
--
--

-19,-3
-13,+5
-2,+10
-13,+9
-9,+4
-8,+3

-—

-6,+12
—-

-17,+6
-7,+7
-7,+17
-11,+5
-14,+8
-10,0
-6,+14
-11,+3
-8,+10
-7,+5
-5,+9

-13,+13
-8,+8

-27,+13
-17,t6
-23,t11
-4,+7
-5,+9
-9,+9
-9,+3
-3,+10

2118
0431
--
-- -.
-—

2136
2152 “ “
2147
2152
1759
0134
——

0141
--

0252
0314
0007
2011
2011
2320
2311
2320
2320
2328
2344
2351 ..

0000
0007
0034
0043
0104
0104
0115
0120
0120



Table ~-l (continued)

Approx. Approx. Approx. Max AV
Identified by: Location Max AV Couplet Observ.

99 11 Aug 0132-0152
100 16 Aug 1751-1830
101 16 Aug 1836-1933
102 24 Aug 1837-1904
103 24 Aug 1919-1949
104 24 Aug 2123-2150
105 25 Aug 2059-2131
106 26 Aug 2029-2051
107 26 Aug 2030-2045
108 26 Aug 2056-2126
109 28 Aug 0000-0011
110 28 Aug 0213-0224
111 12 Sep 0409-0414
112 21 Sep 1849-1859
113 21 Sep 1854-1907
114 21 Sep 1911-1923
115 22 Sep 2239-2300
116 22 Sep 2256-22S9
117 22 Sep --
118 22 Sep --
119 22 Sep 2301-2311
120 22 Sep 2302-2319
121 22 Sep 2306-2324
122 26 Sep 183S-1843
123 26 Sep 1836-1900
124 2 Ott 0102-0128
125 2 Ott 0121-0132
126 9 Ott 001S-00S3
127 9 NOV 0930-0953

128 20 NOV 0338-0401
129 20 NOV 121S-1300
130 23 NOV 2246-2303
131 23 NOV 2310-23S9

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

D
Y
Y
Y
Y
Y
Y
N
N
Y
Y
Y
Y
Y
Y
D
Y
Y
Y
Y
Y
Y

20,125
7,320

18,1SS
12,28S
22,280
26,320
17,330
12,210
12,230
20,140
18,330
1s,150
11,290
11,290
11,250
13,25S
2,030
1,12s
8;300
7,310
2,31S
2,210
2,100
4,110

18,30S
1s,30s
8,020

14,270
16,30S
15,320
18,30S
17,31s
9,330

(Ws)

14
14
24
16
24
16
10
29
1s
26
--

1s
--

13
18
20
17
26
11
12
10
12
34
15
11
12
1s
--
--
--

11
--
--

(ds)

-1,+13
-4,+10
-8,+16
-7,+9

-13,+11
-9,+7
-4,+6

-1 7,+12
-12,+3
-8,+18

--

-3,+12
——

-8,+S
-7,+11
-6,+14
-11,+6

-12,+14
-3,+8
-4,+8
-1,+9

-1,+11
-19,+1s
-s,+10
-13,-2
-14,-2
-6,+9

--
--
--

-S,+6
--
--

~me(~)

0139
1818
18S2
18S3
1920
210s
2100
2026
2031
2109
--

0213
--

1848
18S3
1909
2239
22S6
2303
2303
2303
2311
2306
1836
1836
0111
0128
--
--
--

1226
--
--

* ~ #S7 unobservable by &2, but observable by ~

13
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Figure III-1 Approximate locations of the 1986 mesonet impacting microbursts. Outer and ;nner
thin solid lines indicate approximate perimeter of mesonet, including and excluding PAM stations, re-
spectively. Heavy solid lines represent location of Huntsville Airport runways. FL-2 and UND radars
marked by X.
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As noted, six of the 14 events exhibited some degree of wind divergence,
but the magnitude did not reach the prescribed threshold. Three times this
underewimation was attributed to the event oceurrjng in an area of the
mesonet, as identified by radar, where the density of surface stations was not
sufficient to resolve the full divergence of the event. The otier three of these
events did not reach threshold bemuse the event occurred along the outer
periphery of &,e mesonet where, altiough the event was centered inside the
boundary of the mesonet, tie full divergence associated with the ewnt
extended beyond the boundary of the mesonet, =,d was” unobservable by
surface sensors. Mso as indicated, eight events showed no appreciable wind
divergence due to an insufficient density of surface sensors. It should be noted
that while these events did not show a wind divergence between stations, Mree
of the events did:cause a notably high wind gust.at. a. single s@tion, onlY’one”
of which, incidentally; >vould be identified as a microburst. by Fujita’s
single-station algorithm [Fujita;::1985].

Of tie 107 events for which radar data was available, two events (1..9%)
were not classified. as microbursts as observed by rad-ar. They include:

bcation AV Detected by:
~# Date Time~ wrt W (ti,deg) Mesonet Wdar

6 1 June 2201-2216
57 13 July 2040-2048

The first event ~ #6) was

12,310 12 ds 7 tis
19,315 13 ds 8 tiS

an instance in which the surface mesonet
observed a differential velocity of just over the threshold of 10 ds witiln 4
h, while the corresponding radar data showed a value just under tils
tireshold. The second event @ #57) was a special case in which the event
was not identified by W-2, but was identified by ~. These two cases are
examined in detail in Chapter W.

15



N. CASE S~DI~ OF MICROBURSTS NOT IDE~FIED BY RADAR

A. Case 1: 01 Jwe 1986

This case describes a microburst event which occurred approximately 12 km
to the northwest of FL-2 from 2201-2216 UT, and was not identified as a
microburst by the FL-2 radar. The microburst was very weak and short-lived,
as it maintained a. differential velocity above threshold for only two minutes
with a maximum value of just 12 m/s. A microburst-strength velocity
difference was not observed by the FL-2 radar, although the divergence
associated with the event was apparent in the radial velocity field. The missed
identification appears to be the result of asymmetry in the microburst outflow,
with &2 viewing the’ event from an unfavorable angle.

Figure N-1 is a plot of wind speeds and directions as measured by the
surface sensors, The surface divergence signature was first seen at 2201 UT
@lgure N-1a) near station P23, with the maximum differential velocity

observed between stations P24 and P32. The maximum differential velocity for
the entire event occurred, at 2203 UT ~lgure N-1 b), also measured between
stations P24 and P32. After 2203 UT, the microburst gradually weakened as it
moved to the east, until the divergence signature was no longer apparent at
2217 UT. The maximum divergent shear and differential velocity for the event
is plotted as a function of time in Figure W–2. The microburst exhibited a
maximum differential velocity of 12 Ms, and remained above threshold for
just a couple of minutes.

me maximum shear as observed by the FL-2 radar occurred at 2201 UT
@lgure W-3). Two microburst-producing cells are seen to the northwest of
FL-2 at that time @lgure N-3a) at ranges of 4 km and 12 km. Of interest to
tils case is tie furthermost cell, which shows a maximum reflectivity factor of
S0-SS dBz, with typical values of 40-50 dBz in the microburst outflow region.
A divergence signature associated with the event can be seen in the velocity
field @lgure W-3b), and is most evident near 10 km range where there is an
area of negative velocities of approximately -9 ds. The other half of the
divergent couplet is not readily apparent, however, and the maximum
differeritial velocity attained witiln 4 km was 7 tis, as verified by analysis of
the raw radial velocity data. Unfortunately, no W radar data from this date
is available for comparison.

The missed identification by -2 in Wls case appears to be the result of an
unfavorable viewing angle of a short-lived event of marginal strength. As
described above, the maximum differential velocity as measured by the
mesonet was detected at 2203 UT between stations ~4 and P32, a station pair

17



(a)

0)

Figure W-1. Mesonet plots showing the surjace wind jield jor 1 June 1986 at
(a) 2201 VT and (b) 2203 UT. Full barb equah 5 mls; bar-barb equals
2.5 mls. Dashed line represents approximate ticroburst outflow boundary.
bcation oj FL-2 and UND radars marked by X.
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Figure W-2. Maximum divergence and deferential velocity values computed over ‘
mesonet using actual measured winds for times specified on 1 June 1986. Horizontal
lines indicate w’croburst threshold values.
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FIRure IV-3. FL-2 radar (a)reflec!ivity and(h) D“ppler “e/oc;[yfie/dsfor / June 198601
2201 UT. E[e.olion ang/cti O.Odeg,ecsJor bothp/ols. Rangcrings areever?5 kmfr[)m FL-2.

FLOWS surface stafions lohe[ed I through 30; PAM s,adon~ labeled PI {hr”ugb P41;
LLWAS stations Iaheled wi{h ordinal di,ccfions, While dashed ci,cle rep,e~cm~ appro.Y-
imo!c “gic,ohu,sf ou!fl<>w re~ion.
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with a north-south orientation. From 12 km to the southeast, the FL-2 radar
was viewing the axis of this station pair at rm angle of approximately 45
degrees, while measuring a lesser differential veloci~ (7t is) along a radial
oriented northwest-southeast. Ttis suggests the possibility of a microburst
with an asymmetric outflow shear being viewed by FL-2 from an unfavorable
angle. To investigate asymmetry as observed by the mesonet, differential
velocity was measured along four different axes running through the center of
themicroburst, wi&oneof tieaxes oriented along ara.dial from~-2 (Figure
W-4). The mesonet wind field was used to estimate the maximtrm differential
velocity observable within a 4 km distance across tiese axes, Wnere
necessary, values. of wind.direction and speedalongtheaxes were interpolated ~~~
from the actual winds of surroundifigi tations to yieldt hebest estimateof
maximumdifferential velocity along each axis. At 2201 ~ @igutteN’-4a), .
the maximumdifferentialvelocityis estirnatedat 6 tis..along the north-south
axis. This agrees quite well with.the maximum station pair differential
velocity difference of 5 tis measured between W-4 and P32, ..as plotted
previously in Figure N-2... At 2203 ~,the velocity difference measured
betweentheset wostations reached a maximum of.12 mls; correspondingly,
the dlfference:measured along the north-southsheara xis at.tils time .@igure
W-4b) is 13.m/s, and it represents the largest value along any of the four
axes. The asymmetry in the shear is clearly apparent at ti]s time, witi’~e
minor axis of differential velocity oriented northwest-soutieast, estimated ata
value of 7 tis. Thus ~-2 was observing the microburst from just about the
least favorable viewing aspect possible. To test the integrity of tie W-2
measurements, the mesonet wind field was piotted using only the wind
component of each station along aradialfrom~–2 @igure W-5). The figure
confirms the maximum velocity difference observable by FL-2 as a 7-8 m/s
couplet oriented northwest-southeast, in accordance with the FL-2 shear
estimate. Therefore the effect of viewing an asymmetric shear event from an
unfavorable aspect, in an instance of such minimal microburst strength,
appears responsible for the missed identification by the ~2 radar.

Previous studies ~lltsand Doviak, 1987; Wilson, et al., 1984] suggest that
asymmetric microburst outflows such as that described here are not
uncommon, with typical asymmetry ratios (major shear axis versus minor
shear axis) ontheorderof2:l. Glventhe frequency oftils characteristic, one
issue has been the relative infrequency of missed radar detections due to this
effect, particularly in light of the significant proportion of weaker “marginal”
microbursts. For example, of the 107 events identified in flls study forwhlch
a radar-mesonet comparison could be made, nearly half (4670) exhibited a
maximum differential velocity of less than 15 m/s (see Table N-l), yet only
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Figure N-4, Mwimum d~ferentiai velocity within 4kmdistance dongaes through

center of microburst at (a) 2201 UTand (b) 2203 UTon 1 June 1986. Length of
each wisproportiond to differential velocity in mlsas indicated by scale. Dwhed line

denotes thesholdof 10mls. Location of FL-2 radar mwkedby X.
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Figure N-5. Radial component with respect toFL2 radar of mesonet-measured wind

field for 2203 UT on 1 June 1986, in mls. Location of FL2 radar marked by X.

Table W-1. Frequency Distribution of Mlcrobursts
by &lmum Differential Veloci~

25

I

10-14 49 46%
15-19 ;: 30%
20-24 I:g
25-29 8
30+ 3 3%



one of tiese microbursts was not identified as a microburst because of
asymmetry. h a similar study by DIStefano [1987], 12 of 42 microbursts
(29%) had a maximum veloci~ difference of less than 15 tis, of which only
one was not identified by radar with as~mrnetry cited as a contributing factor.
One possible explanation of this observation would be that a positive
correlation exists between microburst strength and asymmetry, with
asymmetry less likely to be a characteristic of weak microbursts. However,
~Is relatiottship has not been supported by evidence to date Wilson, et al.fi”
198A personal communication, hderson, Haflowell]. me suggestion
presented here is that this observation may be the resuft, at least in part, of
limitations in the radar-mesonet comparisons, particularly with respect to the
large difference in spatial resolution offered by the two sensing metiods. With
a tYPiCZlsurface station spacing of 1-4 km at best, the mesonet is attempting
to estimate the magnitude of a feature using a resolution of approximately the
same spatial scale as the feature itself. Under these circumstances it is
unlikely that, for a given event, the maximum differential velocity detected by
the mesonet will have been measured between a pair of stations whose axis
runs through the center of the microburst outiow. ~us the “truti, as
determined by tie mesonet, is very likely to yield an underesdmate of the .
actual maximum wind shem”magnitude. me resultant effect is that the weak
microbursts identified by tine mesonet are actually not as “marginal” as the
estimated dlfferentird velocities would lead one to believe. h contrast, the
radar has the advantage of observing tie same event using a spatial resolution
on the order of 0.12-0.25 km in range, less than 0.5 km azimutially witiln 30
km range (assuming a 1 degree half-power beamwidth), and less than 0.25 km
azimutially witiln a range of 15 km. ~ls provides a spatial resolution as
much “as 30 times finer than that of the mesonet. me result is that a radar
azimuth is significantly more likely to pass through (or nearer) the microburst
outffow center than is the axis of a mesonet station pair, with an addhional
advantage in capturing the maximum “shear through high resolution
measurements in range. ~s advantage in sphtial resolution by the radar is at
least partially compensating for its limitation in estimating the magnitude of an
asymmetric event. Given a mesonet of infinite station density (or at least a
densi~ which provides the spatial resolution of the radar), the speculation is
that a considerably higher number of “truly” marginal events would likely be
identified, events for which the radar would not have a resolution advantage,
thus decreasing the radar observation percentage of wed microbursta.

. .
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B. Case 2: 13 Jtiy 1986

~ls case was unique to this study in that it portrays an insmce in wh[ch a
microburst was observed by the surface sensor network, was not identified by
the ~-2 radar, but was identified by the ~ radar. me microbmst was
weak and extremely shallow, with a microburst-strengti outflow limited to a
height of approximately 100 meters. Closer proximity to the event provided
the W radar with a lower viewing height than ~-2, and tils appears to
have made the difference in observability.

me event occurred from 2040-2048 ~ near stations #1, #2, and P3,
approximately 19 km northwest of tie ~-2 radar and 4 km northwest of the
~ radar. Surface wind speeds and ~rections are depicted in Figure W-6.
At 2042 ~ @lgure W-6a), the microburst is evidenced by a backing wind at
station #1, and an increase in wind speed at station P3 from 7.5 m/s to 12.S
ds. BY 2045 m @lgure W-6b), the microbwst was seen as a divergence in
wind between stations P3 and #2. By 2049 ~, all evidence of the event as
seen by the surface network is gone. me event was brief (9 minutes) and
covered a small areal extent.

Time series plots of both maximum divergent shear and maximum
differential velocity for the event are shown in Figure W-7.AS indicated, the
maximum differential velocity went stighfly above the threshold of 10 tis
from 2041-2042 ~, dropped below threshold at 2043 ~, and increased to a
maximum of 13 MS at 2045 ~. Maximum divergent shear also peaked to a
value of 3.7X10-3s-l at 2045 ~, which is above the prescribed threshold of
2.5x10-3 S-l .

me earliest available W-2 radar data is a 0.3 degree elevation scan at 2045
~ ~lgure W-8). A large reflectivity cell is seen near stations #l and #2
@lgure W-8a), with maximum values of 45-50 dBz, and values ranging from
30 to 50 dBz in the microburst outiow region. me corresponding radial
velocity data is shown in Figure W-8b. A divergent couplet is apparent in the
area of the microburst event however, the couplet orientation is rotated
counterclockwise from the radid direction (with respect to ~-2), indicating
anticyclonic rotation witiln the cell. A 10 tis differential velocity witiln 4 km
distance was not attained along .a radial. Hgwe w-g shows the raw rad~ dam
prior to conversion to a Cartesian grid, and allows closer inspection of the
radial velocity field. A +3 to +4 positive velocity maximum is highlighted near
22 km range. An area of relative maximum velocity of -4 to -5 ds is shown
radially from tie positive area (azimuth=313 degrees) near 16 km, which
corresponds to an 8 ds shear across a radial distance of 6 km. A second
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m 1s am(z) MY lM

Figure W-6. Mesonet plots showing the surface wind field for13 July 1986 at
(a). 2042 UT and (b) 2045 UT. Full barb equab 5 mls; hav-barb equah
2.5 mls. Dwhed line represents approximate microburst outflow boundary.
Location of FL-2 and UND radars marked by X.
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Figure lV-8. FL-2 rodor(o) reflectively ond@)Dopp[er velocity fleldsfor I3Julyl986al
2045 UZ Elevation angle is 0.3 degrees for both plots. Range rinxsare everyS km from FL-2.
Locations of FLOWS, PAM, and LLWASsurface slations areoverloid. White dashed circle
represents approximate microburst outflow region.

31

.— .. .. -—— —.-



M--- ,.
----

. . . .. —4..--=.

,
,,

. . . . . . . . . . . . . . . . . . . ---------- . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . ---------- :;-. :.l. .: ;-------- ---------
3~T-5-2-b-6 G-;:;: -~-;-;-~:;:”;;-;; ,-t.l; -’-’ -i:2:; -2

h

> -2 -2 -J -3 -1
-1 -2 ::

! -$ -z ~; :; -1 ; -; -3 -1 -2

!-5- 0 -3-40-1 Soolbo 0-1-201 1 -1 -1 -2 -1 :: :: :: -i -2

!- s-$--~ :::::;:: .: -:-:0 00$: ::::: ::::; -:-:”;, -z -z
0 ,-2 -1 00 0 -2 -2 -2

:310+:: :; --2 :: -z -? -1-300 -2 .: -:1111$: :::::::: ;:;-:::::-:”
!.-’ -,. -1 -2 -1 -1 2-2:: -10:: ::2
! -. -. -1 -3

!illiml

-l-? :;-l-*:; o: :,2,2$: :::; ::12 2

x:
-. -5 -* -4 -1 -z .; :;
-. -6 -s -L -1 -3 -1

~ 315T -> -) -1 -z -1 -2 -1 .1 -2::-: 1;!: ::::

‘320il]!iwi.i.i.ii.:.0.0.0..0.i.:.!.4i.:.l.l
325 ~..-+......--.....-:: “. . . . . . . . . . . . . . . . . . . . ----------

16 17 16 19 20 21 22 23

RANGE (km)

Figure IV-9. Doppler velocities in mls as seen by FL-2 on 13 July 1986 al 2045 UT.
is 0.3 degrees.



negative velocity relative maximum of -5 to -7 ds is seen near 18 km range,
but is not oriented radiafly from the positive maximum. This skexwedcouplet
possibly would have been sufficierit to declare a microburst as “truthe& in
real-time by human analysis [personal communication, Isaminger]. However,
]Oohng mdially Outward from tils second negative maximum yields a

maximum dlfferentiaf velocity of only 8 ds witiln 4 km, which does not
qualify the event as a microburst as determined by the methodology employed
in this study as described in Chapter fl. hspection of higher elevation angles
also fail to indicate a sufficient shear, while efi~bhing increased rotation with
height.

W$ar data from W is.available at both 2040UT and 2045 UT, At 2040
UT, a clear microburst signature ii apparent in’the. .0.4 degree elevation scan
~~gure W-10b), witi a -8/+6 tis’couplet centered 6 krrtothe northwest of
the ~ radti si@indicating a differential velocity of 14 tis. Unfo~atelY.,
no -2 data is avaiiable for comparison at that time. At 2045 UT, the
maximum reflectivity witi~n the microburst-producirig cell @lgure W-1 la) is
in the 50-60 ~z range, which is some 5-10 ~z. h~gherthan as seen by -2;
perhaps due to the difference in viewing height. The micioburst signature can
still be seen as a tight -7/# tis coupfet situated just west of station #2 @lgure
N-1 lb). ~ls is verified by inspection of the corresponding raw radar data
@lgure N-12a). Analysis of higher elevation scans indicate rapid weakernng
of shear with height. At 1.5 degrees elevation, the shear drops just below
microburst threshold. This is seen as a 9 tis differential velocity as measured
from the raw radial data @lgure W-12b), witi a velocity couplet of -4/+5 tis
found at approximately 340 degrees azimuth at a range of 5 km. Aso note
that the couplet at tils’ elevation is displaced somewhat from the radial
direction indicating rotitiom at 2.5 degrees the signature is almost purely
rotational.

The analysis indicates a maximum differential velocity of 13 ds observed
by the surface network at 2045 UT, 14 ~s observed by W at 2040 UT
decreasing to 11 ds at 2045 UT, and 8 tis observed by &2 at 2045 UT
with no data available at 2040 UT. The deficiency in -2 data is due to a
fighming strike near the radar site which disabled a local disk drive, resulting
in a 14-minute gap of radar data during the critical period of 2031-2044 ~.
Without Wls untimely outige, it is quite possible that the event would have
been observable by -2 at 2040 UT, as supported by the higher shear value
seen by ~ at that time. Maximum differential veloci~ as measured by
radar is typically attained sooner than the surface maximum, since it is sensing
aloft a descending feature. If no W data had been available for Wls event,
as was the case for many of the events in this study, tfds case would not have
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(a)

(b)

Figure IV-II. UND radar (a) reflectivity and@) Doppler velocity fields for 13 July 1986 at
2045 UX Elevation angle is 0.S degrees for both plots. Range rings are every 5 km from
UND. Locarions of FLOWS, PAM, ond LL WAS surfoce stations are overlaid. White
dashed circle represents approximate microburst outflow region.
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Figure IV-1 2. Doppler velocities in mls as seen by UND on 13 July 1986 at 2045 UT. Elevation
angles are (a) 0.5 and (b) 1.5 degrees.
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been classified as a missed identification by FL2 due to insufficient data
, availability.

Viewing aspects of the microburst were compared for possible explanations
of the detection discrepancy between FL-2 and ~. Figure W-13 illustrates
the height of tie low-elevation beams for the scans available from the two. .
radars at 2045 ~. The microburst signature is seen strongest by ~ at 0.5
degrees elevation (36 meters above ground level at 4 km range), weakens to
just below the minimum shear threshold at 1.5 degrees (106 m), and becomes
a rotation signature at 2.5 degrees (175 m) rather than a divergence signature.
Thus the microburst-strengti outflow was confined to an extremely shallow
depth of approximately 100 meters, as compared to a more typical outflow
depth of several hundred kilometers [Wilson, et al., 1984]. The lowest
elevation scan available from FL-2 was at 0.3 degrees; at a range of 19 km,
W-2 was observing the event only as low as 121 meters above ground level, as
indicated in the figure. Whh W measuring a maximum differential velocity
of 9 ds at a height of 106 m and ~-2 measuring 8 ds at 121 m, it is likely
that the missed detection was due, at least in part, to the shallowness of the
event.

Asymmetry was also considered as a possible source of difference in
observations by the two radars at 2045 ~. However, the location of the
microburst at that time was such that both radars had approximately the same
azimuthal viewing angle (Figure W-14). Maximum shear at the surface was
measured as 13 ds between stations #2 and P3; as the figure indicates, these
stations are situated such that a favorable viewing angle (nearly along a radial)
is allowed for both radars, with FL-2 having perhaps a slightfy better aspect.
This would discount the potential effect of viewing an asymmetric event, and
favor the likelihood that the microburst was not identified by -2 due to its
shallow depth.
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Figure W-13. Height of radar beam above ground level for low-elevation scam
fr;m FL-2 and UND radars.

Figure IV-1 4. bcation of microburst at 2045 UT on 13 July 1986 with
respect to FG2 and UND radars. bcations of suflace statiow #l, #2, and
P3 are indicated. Range rings are every 5 km from FL-2.
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V. CONCLUSIONS

A total of 131 microbursts impacted the 1986 Huntsville mesonet during the data
collection period of April through December. There were 107 events for which both radar
data and surface mesonet data were available for comparison. Of these, 91 (85%) were
identified by both the radar and surface mesonet, 14 (1390) were identified by radar only,
and 2 (2Yo)were identified by the surface mesonet only.

Of the 14 microbursts which were not identified by the surface mesonet, 11 were
missed due to inadequate density of tie surface sensors. The other three microbursts
occurred along the periphery of the mesonet where the surface outflow away from the
radar extended beyond the perimeter of the mesonet, thus not allowing the sensors to
measure the full strength of the shear. Afthough failing to reach microburst threshold, six
of the 14 missed events exhibited some degree of surface divergence.

Two of the 107 microbursts were not identified by radar, corresponding to an observat-
ion percentage of 98%. Both of these missed events were weak no microburst exhibiting
a differential velocity of greater thti 13 tis went unobserved by radar. The first missed
event was the result of an unfavorable viewing angle of a short-lived asymmetric
microburst of marginal strength. Surface sensors measured a maximum differential ve-
locity of 12 MS while the &2 radar, viewing nearly along the minor shear axis of the
microburst, measured a maximum of 7 tis across a distance of 4 km. The accuracy of
the FL-2 shear estimation was supported by extraction of the radial component from the ‘
mesonet-measured wind field. The second event classified as a missed radar detection
was a special case in which a microburst was identified by the N radar but not by the
FL-2 radar. The missed identification appears to be due to the extreme shallowness of
the microburst-strengti outflow, which extended to a height of approximately 100 meters.
~ was able to identify the microburst due to its close proximity to the event which
afforded a sufficiently low viewing height. Observations by both radars at a comparable
height just above the event showed similar differential velocities of 8 to 9 tis. =2
observation was also disadvantaged by lack of data earlier within the time span of the
microburst. The sparse data availability provided only a single observation over the life-
time of the event. However, tie availability of ~ data nearly simultaneous with that of
&2 was sufficient to confirm the occurrence of microburst-stiength shear, and justified
the classification of a missed identification by ~2; the observability by FL-2 would
otherwise have been deemed inconclusive due to insufficient dam availabi~ty. Scan
strategies currentiy in use for the testbed TD~ system provide more frequent low-eleva-
tion”updates (approximately once per minute) which greatly reduces the fiketihood of
missed detection due to poor temporal resolution.

hsufficient signal-to-noise ratio did not pose a problem in the observation of 1986
Huntsville-area microbursts as no events were missed due to low reflectivity signal, a
result consistent with the moisture-rich climate of the southeast United States. Both
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microbursts not identified by radar were produced from convective cells exhibiting a
maximum reflectivi~ factor in excess of 50 @z. Typical reflectivity factor values in the
microburst outflow region for these two cases ranged from 30 to 50 ~z.
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Current plans include further comparison of radar and surface data, with focus on the
time history relationship of microburst outflow winds as measured aloft by radar and at
the surface by wind sensors. Since timehness is critical to operational detection and
warning of hazardous wind shear, a better understanding of tils relationship will be im-
portant for assessing system performance and effectiveness. Of particular interest will be
radar/surface comparisons of initial and final times of occurrence of microburst-strength
shear, time and strength of maximum shear, and point estimates of wind speed and shear
magnitudes. ~ls information should also provide evidence to investigate the speculation
presented in Section W-A that the mesonet may be providing an underestimate of maxi-
mum wind shear strengti as result of a spatial resolution inferior to that of radar. ti
addition, the planned deployment of ~W requires development of methods to integrate
the ~~ and ~WAS systems. me study proposed here will provide useful data to
investigate:

(1) how alarms/data from the two systems may be combined.
(2) possible use of ~WAS data to refine headwind/milwind estimates for

~~-detected microbursts.
(3) the use of UWAS data as an aid to ~~ in initial microburst detection.

\
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