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muthal shear, or c) both thin line and azimuthal shear would
have resulted in a detection.

Gust front truth was composed of radial convergence,
azimuthal shear atzd/or reflectivity thin line. The combina-
tion of these features resulted in a gust front truth at least
10 km long. The initial assumption was that if radial conver-
gence was present in tie event, it would be detected by the

algorithm. The reason no gust front detection was declared
was because tbe actual radial convergence did not exceed

the algorithm minimum length threshold (1O km). In this
context, azimuthal shears and thin lines would add on to
the gust front extent identified by radial convergence and
thereby improve the chances that the algorithm length
threshold would be exceeded.

The analysis of detected events determined:

1. Ho\\r much the detection would have been improved
(in terms of percent of length detected) with the use
of thin line.

2. How much the detection would have been impro\,ed
\vith the use of azimuthal shear,

3. ~SULTS

3.1. M!sscd Event%

The results of the analysis of missed events for Den-
ver and Kansas City are provided in Table 2 and Table 3,
respectively. Pan A of the tables shows the number of events
for each strength, with signatures including azimuthal shear.
reflectivity thin line, neither azimurhal shear nor thin lint,
and both azimuthal shear and thin line. The Total column
indicates rhe number of e\,ents of each strength invol\,ed in
the analysis, and the No Conv. column gives the number
of e%tentswith no radial convergence signature. Part B pres-
ents the estimated increase in Dercent of total event length

thin lines, respectively. Pan C provides the assessment of
which signature would give the greater performance im-
provement.

Part A of Table 2 and Table 3 indicates that 247,
of the Denver and 3jTc of the Kansas City missed e>tents
exhibited neither thin line nor azimuthal shear features.
Thus, the assumption that the algorithm had detected all of
the radial convergence is probably invalid. This suggests
that algorithm performance could be improved by imple-
menting a better radial convergence- fin&ng technique: If
those missed events that exhibited only radial convergence
had been detected, the Probability of Detection (POD) for
the Kansas C!ty and Denver data used herein would have
increased by 9%.

There were 8 gust front truths that contained no ra-
dial convergence. These could be detected only by the use
of azimuthal shear or thin lioe. The use of azimuthal shear,
in addition to radial convergence, might have resulted in the
detection of about 48% (sum of Azimuthal Shear and Both
columns) of the Denver and j070 of the Kansas City missed
events. Use of thin lines in addition to radial convergence
might have resulted in the detection of 6670 (sum of Thin
Line 8nd Both columns) of the Denver and 44Y. of the Kan.
sas City missed events. Although the use of azimuthal
shears would improve algorithm performance equally in
Denver and Kansas City, the results sho\~ that the use Of
thin lines would improve algorithm performance in Denver
more than in Kansas City.

Part B of Table 2 shows that in Denver about 50%
of The len~ths (cxclusi\e of radial convergence) of missed
events could be identified by either azimuthal shear or thin
line when these si~natures were present. h Kansas City
(Table 3, Part B), j 7% of the event length could be identi-
fied by azimuthal shear and 43% by thin line.

Pan C of Table 2 and Table 3 provides the asses-
.“. r r.dial .n. ”ero.. re .mrih,,;. hle to .,imllrhal shears and sment of which sienature would orovided the ereater ir
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Table 2.
(A)

Re$”lrJ ./ AnalyJ:s 011988 Denver Missed Events

NUMBER OF EVENTS WITH:

STRENGTH AZIMUTHAL THIN LINE
ON1.Y

BOTH1 NEtTHER2
~ ~N1.Y

TOTAL NO CONV,

WEAK 6 27 24 14 71 4

MODEUTE 3. 5 17 11 36 4

STROXG 3 1 3 3 10
ALL 12 (10%)3 33 (28%) 44 (38%) 28 (24%) 117 8 (7%)

(B) (c)

PERCEHT OF EVE~ LENGTH NUMBER OF CASES \VHERE
(EXCLUSIVE OF RADIAL CONVERGENCE)

ATTRIBUTABLE TO: GREATER lMPROVEhlENT
WAS PROVIDED BY: EQUIVALENT

AZIMUTHAL SHEAR THIN LINE AZIMUTHAL THIN
STRENGTH

IMPROVEMENT
# OBS AVG. W # OBS .4vG. % SHEAR LINE FOUND

\VEAK 29 50?. 21 307, 7. 43 ?t
MODERATE 22 53% 19 51-. 3 19 14
STROXG 5 44T. 2 J 0?’ 4 3 j
ALL 56 50?. 42 ~~e, 14 ~: 38

1 Bob azimuthal shear and reftectincy thin line si~”atures were present
2 Xeither azimuthal shear “or reftecriti~yttin line signac”reswas present
] ( ) = percent of Iotal

a6





..

Toble S, Resul(s of Analysis 011988 Denver Detec/ed Even!s
(A)

NU,MBER OF EVENTS WITH:

STRENGTH AZIMUTHAL THIN LINE
SHEAR oNLy ONLY

BOTH I NEITHER2 TOTAL

WEAK 3 23 s 34 68
MODEBATE s 24 11 57 97
STRONG 2 7 17 37 63
SEVERE 1 1

. ‘ ALL

.

10 (4%)3 55 (24%) 36 (16%) 128 (56%) 229

(B) [cl.-,

PERCENT OF EVENT LENGTH NUMBER OF CASES WHERE
(EXCLUSIVE OF RADIAL CONVERGENCE)

ATTRIBUTABLE TO: GREATER IMPROVEMENT
WAS PROVIDED Bfi

AZIMUTHAL SHEAR THIN LINE
EQUIVALENT

AZIMUTHAL THIN IMPROVEMENT

STRENGTH # OBS AVG. % # OBS AVG. 7. SHEAR LINE FOUND

\~AK 10 30% 26 51% 1 5 2
\lODERATE 17 12% 36 j5=c 1 9 1
STRONG 19 27% 24 39% s 10 2
SEVERE 1 , o%
.4LL 46 ~~r, 81 317, 7 24 5

1 Both azim”chal shear and reflectivity ?hi” Ii”. sig”at”res were present
2 Neither azimuthal shear “or reflectivity th!” lI”e si~nat.res was prese”c
3 ( ) = Percent of tot,!

(A) Toble 6. R,sul,s of Analysis o! 1989 K..... Ci,y De,e,ted Eventx

NUMBER OF EVENTS WITH:

STRENGTH
AZIMUTHAL THIN LINE
SHEAR ONLY ONLY BOTH1 NE1THER2

WEAK 4 13 2 40
XfODERATE 10 j9 21 42
STROKG 16 22 j 35
SEVERE 12 20
ALL 42 (14%)$ 94 (j I%) 28 (9%) 137 (467.)

(B 1 (c)

muthal shears and thin lines, respectively. Pam C provides

8a

TOTAL

59
132

7a
32

301

PERCENT OF EVENT LENGTH
(EXCLUSIVE OF RADIAL CONVERGENCE)

NUMBER OF CASES }VHERE

ATTRIBUTABLE TO: GREATER IMPROVEMENT
WAS PROVIDED BY

AZIMUTHAL SHEAR
EQUIVALENT

THIN LINE AZIMUTHAL THIN IMPROVEMENT

STRENGTH # OBS AVG. % # OBS AVG. % SHEAR LINE FOUND

WEAK 6 14% 11 45% 1 1
MODEMTE 24 23% 67 36% 5 13 3
STRONG 11 15% 31 32% 2
SEVERE

3
12 31%

.4LL 53 22% 109 367. 8. 17 3

1 Borh azimuthal shear a“d reflectivity thin Ii”e signatures were present
2 Neither azimuthal shear “or reflectivity thin Ii”. signatures was prese”c
3 ( ) = Percent of total

each strength involved in the analysis. Pan B presents the assessment oi which si~nature ,vould SIVe the Sreat,

estimated increase (over radial convergence) in percent performance impr0t,emet3t.

total event length derected that was amributable to azi-
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Pafl A of the tables shows roughly half (s69. in Den. shear, these values are 207. and 237., respectively (.4zi.
!,er and 46% in Kansas City) of the detections !vould not muthal Shear plus Both columns,)
have been improved by tie use Of either thin Ii”e or azimuth.
al shear. It is possible that detection might be improved

Pan B of the tables indicates that the greatest im.

through an enhanced convergence-finding technique. Pam
provement in percent of length detected was associated \vith

A also shows that 4070 of the Denver and Kansas City event
thin lines for both Kansas City and Denver, The subjective

detections could have been improved with the “se of thin
assessment (Pan C) suppons this observation. These results

fine detection. (These percentages are computed by sum.
are summarized in Table 7,

mine the ~in Line and St”th .“l,,mn. ) r.. ..;-,,,L~I—---- --. -..,.,-., . ., ..,,,,.., ,”,

Table 7, Comparison ./ Denver and Kansas City Delecled Events

DENVER KANS.4S CITY

PERCENT OF CASES EXHIBITING POTENTIAL
IMPROVEMENT IN DETECTION \VITH ADDITION OF:

AZIMUTHAL SHEAR 205 23T0

THIN LINE 40% 407.

PERCENT OF EVENTS WITHOUT
AZIMUTHAL SHEAR AND/OR THIN LIKE SIGNATURES 56% 4670

ESTIMATED INCREASE IN PERCENT
OF LENGTH DETECTED DUE TO:

AZIMUTHAL SHEAR 22% 22%

THIN LINE 41W 36%

BEST SIGNATURE Thin Line Thin Line

A fin., o. ,, C.A.,. -- :------- :— . . . . . . . . .. . U“L. LL” O,”,,>

hformation on gust front locations, strengths and as.
sociated wind shifts is useful for planning runway configura.
tions, increasing terminal capacity, a“d \vami”~ pilots ofpo.
tentially hazardous wind shears. Gust fronts can also initiate
convection, so knowing their locations can improve thunder.
storm forecasts.

The objective of this study was to determine to what
extent the performance of the gust front algorithm could be
improved by incorporatin~ additional radar signatures, spe.
cifically for reflectivity thin lines andlor azimuthal shears.
The advantages of using a detection capability for either or
both of these signatures (in addition to the al~orithm’s radial
convergence detection) would be i“ increas[”~ the perce”[.
age of the event len~th detected by the algorithm and detect.
ing events thar are missed because of their jOcation ~e[ative
to dle radar beam. Single Doppler radar data collecred in
Denver in 1988 and Kansas City in 1989, representing 229
missed and j30 detected events, were used in the analysis.

Missed and detected events were considered scpa.
rately in terns of strength of the event, type of signature
exhibited, and improvement in percenta~e of total event
length detected with the additional signature(s). For missed
events, the data indicate that thin Ii”? detecriO” $$,O”ldjm.
pro\e performance in Denver more than in Ka”sas city,

wh$reas azimuthal shear de{ection would result in an equal
improvement in borh cities. For detected events, data i“di.
cate that thin line detection would result in detecting a great.
er extent of the gust fronr than would azimuthal shear detec-
tion in both Denver and Kansas City.

The number of missed events could be reduced by
ttsin3 a bener Convergence shear–finding technique, It is
reasonable to think that such a technique might also contrib.

ute to a,, IIIGI ..3. ,,1 c“. cxrcnc or evc”rs mat are currently

detected.
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