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PROLOGUE

1.1

FUNCTI ONAL DESCRI PTI ON
1.1.1 Introduction

Thi s docunent describes the Tornado Detection Algorithm (TDA). This
i ntroduction contains an overview of the algorithm Then each
subsequent subsection contains a nore detailed description of the
maj or functional parts of the algorithm Mich of the information
contained in this docunent can also be found in Mtchell 1998. For
nore information about the performance of the algorithm see

M tchel | 1995.

The TDA uses radar data to identify intense circulations that are
producing or are likely to produce tornadoes. The algorithmstarts
by identifying one-di mensional (1D) pattern vectors from (mean
radial) velocity data. To help limt the search of circulations to
t hose associated with the lowlevels of stormcells, the algorithm
only searches velocity data from sanpl e volunmes that 1) have
reflectivities above a specified threshold, 2) are within a

t hreshol d range, and 3) are below a threshold height. Pattern
vectors are gate-to-gate velocity differences that exceed a
specified velocity difference threshold. Gate-to-gate neans the
sanpl e volunes are from adj acent radials and at the same range.
Next, for six (by default) differential velocity thresholds, the
pattern vectors on each el evation scan that are in azinuthal and
hori zontal proximty and exceed the sanme differential velocity

t hreshol d are conbined into potential two-dinmensional (2D) features.
Then, the potential 2D features are trimed such that only one
pattern vector remains at any range within the feature. Afterward,

if a potential 2D still has enough pattern vectors and has a bel ow
t hreshol d aspect ratio, it is checked for overlap with al
previously saved 2D features on the el evation scan. |If the

potential 2D feature overlaps no other 2D features, it is saved as a
new 2D feature. Next, the 2D features from adj acent el evati on scans
are vertically correlated into potential three-di nensional (3D)
features. Potential 3D features with enough 2D features are saved
as 3D features. Lastly in the identification process, each 3D
feature is conpared against thresholds to determine if it is an

El evated Tornadic Vortex Signature (ETVS) or Tornadic Vortex
Signature (TVS) or not. Finally, the TVSs and ETVSs are associ at ed
with stormcells.

1.1.2 Pattern Vectors

Pattern vectors are identified on each elevation scan fromvelocity
data fromazimuthally adjacent radials. (It is assunmed that radials
are approximately 1 degree in azinuthal w dth and have no gaps
between them) The counter-clockw se velocity difference is
conputed for each pair of sanple volunmes (fromthe adjacent radials)
that are constant 1n range that are bel ow a threshol d hei ght above
radar level (ARL) and within a maxi mum processing range. |f the
sanmpl e vol unes have a velocity difference above a m ni mum threshol d
and their corresponding reflectivities are at |east a m ni mum
threshold, then the pair is saved as a pattern vector. For each
pattern vector the following information is then conputed: the
range, azinuthal difference (between the radials), and the beginning
and ending radials' azimuths. |If the nunber of pattern vectors
found on an el evation scan ever exceeds a specified maxi nrum nunber
al l owed, the search for pattern vectors stops for the el evation
scan.
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1.1.3 2D Features

Once all the pattern vectors have been identified on an el evation
scan, they are conbined into potential 2D features. In order for
two pattern vectors to be correlated to the same potential 2D
feature, they nust be within a azinmuthal and range separation
proximty thresholds and exceed the sanme differential velocity
threshold. Miltiple differential velocity threshold are used to
isolate core (i.e. stronger) circulations inmbedded within |ong

azi mut hal shear regions (e.g., radially oriented gust fronts). By
default, six differential velocity thresholds are used to construct
potential 2D features. All the pattern vectors on an el evation scan
are processed once for each differential velocity threshold,
starting with the greatest.

As the potential 2D features are built using each of the
differential velocity thresholds, each of the potential 2D features
have their associated pattern vectors sorted by increasing range and
then trimmed. The trinmng results in only one pattern vector for
any range within the potential 2D feature and is acconplished in the
foll owi ng manner. Each potential 2D feature is processed from

begi nning to ending range. At each range within the feature, the
pattern vector retained at the next range is the one that is cl osest
in azimuth to a reference (pattern) vector, and all others are
trimred (or not saved). |If multiple pattern vector are equally
close in azimuth to the reference vector, then the one with the
greatest velocity difference is selected. The reference vector
changes for each new range within the feature. For the first range,
the reference vector is at the second range; otherw se, the
reference vector is the pattern vector retained at the previous
(lesser) range. For the first range, the reference vector is the
pattern vector on the second range that is closest to the first
pattern vector (at the first range).

Next, the 2D features are determined fromthe potential 2D features.
First, the following potential 2D feature attributes are cal cul ated:
azi mut h, range, height, X-coordinate, Y-coordi nate, begi nning

azi mut h, ending azi muth, beginning range, ending range, # of pattern
vectors, maxi numvelocity difference, average el evation, nmaxinmm
shear, azinmuthal diameter, radial dianeter, and the aspect ratio.

If a potential 2D feature's aspect ratio is |less than a specified

t hreshol d value, then the feature is conpared for overlap with al
previously saved 2D features on that elevation scan. Wen a feature
overl aps another, it's boundaries (i.e. beginning and ending

azi mut hs and ranges) exceed those of the other feature. |If the
potential 2D feature overlaps no other 2D features, it is saved as a
new 2D feature. |If the potential 2D feature overl aps one 2D
feature, the 2D feature acquires many of the potential 2D features
attributes, e.g. range, azinuth, height, etc. |If the potential 2D
feature overlaps nore than one 2D feature, it is deleted (i.e. not
saved as a 2D feature). Finally, after all the 2D features are
found on the elevation scan, they are sorted by decreasi ng maxi mum
delta velocity. |If and when the nunber of 2D features in the vol une
scan neets or exceeds the threshold maxi mum nunber allowed in the
vol ume scan, then processing i mediately skip over the remai nder of
the 2D functionality to the 3D functionality.

1.1.4 3D Features, TVSs, and ETVSs
Once all of the 2D feature have been constructed and saved for the

vol ume scan, the algorithmvertically correlates the 2D features
fromdifferent elevation scans into 3D features. Starting with the
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| owest el evation scan, for each remaining 2D feature, a new
potential 3D feature is started with the 2D feature. Then, all

other 2D features on the el evation scan within the circul ation

radi us are discarded from future 3D processing. Renenber, the 2D
features on each elevation are sorted by decreasing maxi mumdelta
velocity; so the first 2D feature found al ways has the strongest
maxi mum delta velocity. Also, once a 2D feature is assigned to a
potential 3D feature it is removed fromfuture consideration in
other potential 3D features. Then, the 2D features on the next

el evation scan are searched until one is found w thin the
circulation radius of the last 2D feature assigned to the potenti al
3D feature. The first 2D feature found is vertically correl ated
into the same potential 3D feature. And, all other 2D features on
that elevation scan within the circulation radius are discarded. |If
no 2D features are found at the next elevation scan within the
circulation radius, then that el evation scan is skipped, and the
followi ng el evation scan is simlarly searched for a 2D feature to
vertically correlate. Only one elevation scan can be skipped in the
vertical stack of 2D features. This one elevation scan gap provides
some flexibility to allow for 2D features that should be part of the
potential 3D feature but were m ssed possibly because of range
aliasing or inproper velocity dealiasing. Once all elevation scans
are processed for that 3D feature, the entire vertical correlation
process is repeated starting with the next undi scarded and

uncorrel ated 2D feature on the | owest el evation scan

Once all potential 3D feature have been found, they are threshol ded
to determne if they are 3D features, TVSs, or ETVSs. First, the 2D
features within each potential 3D feature are sorted by increasing
height. Then, if a potential 3D feature contains at |east a mninum
t hreshol d nunber of 2D features and the nunber of 3D features is
less than a threshold nunber, it is saved as a 3D feature, and it's
attributes (e.g. base height, shear, and maxi rumdelta velocity) are
conmputed. Next, each 3D feature is checked to determ ne whether it
is a TVS Feature; a TVS Feature is a TVS or ETVS. |If a 3D feature
has at |east a m nimumthreshold depth and a m ni numthreshol d
velocity difference and if its base is above a mi ni mum el evation
angl e and height thresholds (i.e. it's base is not on the | owest

el evation angle or below a certain height), the 3D feature is saved
as an ETVS. Oherwise, if the 3D feature has at |east a mnimum
threshold depth and if it's base maxi numdelta vel ocity or maxi mum
delta velocity is above threshold, the 3D feature is saved as a TVS.
VWhen saving a TVS Feature, if the nunber of TVSs or ETVSs neets or
exceeds the threshol d maxi mum nunber all owed, the features (TVSs or
ETVSs) are sorted and the one with the smallest TVS(Base Delta

Vel ocity) and, secondly, the smallest maxi rum TVS(Delta Velocity) is
di scarded. Lastly, each TVS Feature is associated with the nearest
stormcell that is within a threshol d maxi nrum associ ati on di stance.

VWhen a TVS Feature is associated with a stormcell it is assigned
the sanme ID. If a TVS Feature is not within the threshold distance
fromany stormcell, it has an I D of "?27?".

SOURCE

Brown, R A, L.R Lenon, D.W Burgess, 1978: Tornado detection by
pul sed Doppl er radar. Mn. Wa. Rev., 106, 29-38.

Mtchell, E D., 1995: An enhanced NSSL Tornado Detection Al gorithm

27th Conference on Radar Meteorol ogy, Vail, Colorado, October 1995,
Amer. Meteor. Soc.
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, S.V. Vasiloff, GJ. Stunpf, A Wtt, MD Elts, J.T.
Johnson, K W Thomas, 1998: "The National Severe Storns Laboratory
Tornado Detection Algorithm"™ Submtted to Wat her and Forecasti ng.

Next Generation Weat her Radar (NEXRAD), 1985: Al gorithm Report,
NEXRAD Joi nt System Program O fice, Washi ngton, DC

Sanger, S. S., 1994: An interactive Doppler radar and weat her
detection algorithmdi splay system Preprints, Tenth Conference on
Interactive Informati on and Processing Systenms on Met eorol ogy,
Cceanogr aphy, and Hydrol ogy, Nashville, Amer. Meteor. Soc. 7-13.

Zrnic, D.S., RJ. Doviak, 1975: Velocity spectra of vortices
scanned with a pul se-Doppler radar. J. Appl. Meteor., 14, 1531-1539.

1. 3 PROCESSI NG ENVI RONVENT

Base data used by this algorithmnust be preprocessed to nmtigate
vel ocity aliasing, range folding, and ground clutter contani nation.
The TDA was devel oped for use on a Wather Surveillance Radar - 1988
Doppl er (WSR-88D). As in the WSR-88D, this algorithmassunmes that
base data is collected and supplied in increasing azimnmuth

(cl ockwi se) and el evation angle. The TDA was devel oped and tested
on National Severe Storm Laboratory's (NSSL's) Radar Anal ysis and

Di splay Software (RADS) on a 32 bit UN X based SUN Wirkstati on which
i ngests live (w deband) or archived (Level I1) radial data froma
WER- 88D ( Sanger 1994).

Al radials of data are assunmed to be adjacent and that there are no

azi mut hal gaps between the radials. Pattern vectors require gate to
gat e shear.
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2.0 I NPUTS

2.1 | DENTI FI CATI ON

AZI MUTH

ELEVATI ON

RADI AL

RADI US( Eart h)

RANGE( S| ant)

REFLECTI VI TY FACTOR
(Sampl e Vol une)

SAMPLE VOLUME

STORM CELL( 1 D)

STORM CELL( X- coor d)

STORM CELL( Y-coord)

VELQOCI TY( Sanpl e Vol une)

THRESHOLD( 2D Vect or
Azi nmut hal Di st ance)

THRESHOLD( 2D Vect or
Radi al Di st ance)

THRESHOLD( Aver age Delta
Vel ocity Hei ght)

THRESHOLD( Ci r cul ati on

The azi mut hal
degr ees.

position of a radial in

The el evation angle of the radial or
degr ees.

scan, in

The set of sanple volunes, only one at each
RANGE( Sl ant), al ong a constant AZI MJTH and
ELEVATI ON.

The radius of the Earth (6371), in km

The sl ant
VOLUNVE,

range to the center of a SAMPLE
in km

The effective radar reflectivity factor
assigned to a (velocity) SAMPLE VOLUME, in
dBZe.

A data sanple volune along a radial whose
(hal f power) dinensions are described by the
azi mut hal and vertical beam w dths and the
range sanpling interval. These di nensions
are approximately 1 degree in azinuthal and
vertical width (perpendicular to the beam
and 0.25 kmin range (or length) for Velocity
sanpl e volunes and 1.0 kmin range for

Refl ectivity (Factor) sanple vol unes.

IDs are a set of unique |abels for algorithm
identified stormcells.

The set of x-coordinates for algorithm
identified stormcells, in deg.

The set of y-coordinates for algorithm
identified stormcells, in deg.

The nean radi al
in nis.

vel ocity of a SAVPLE VOLUME,

The maxi mum AZlI MJTH di stance all owed for two
Pattern Vectors to be associated into the
same 2D Feature, in degrees; default 1.5°,

range 0.0° to 4.0°.

The maxi mum radi al di stance al |l owed bet ween
two Pattern Vectors to be associated into the
same 2D Feature, in km default 0.5 km range
0.0 kmto 3.0 km

The m ni mum hei ght bel ow which all 2D
Features comprising a 3D Feature are assi gned
an equal weighting of 1, in km default 3.0
km range 0.0 km- 10.0 km

The maxi mum hori zontal radius used for
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Radi us1)

THRESHOLD( Ci r cul ati on
Radi us?2)

THRESHOLD( Ci r cul ati on
Radi us( Range))

THRESHOLD( Di fferenti al
Vel oci ty)

THRESHOLD( maxi mum # 2D
Feat ur es)

THRESHOLD( maxi mum # 3D
Feat ur es)

THRESHOLD( maxi num # ETVS)

THRESHOLD( maxi num #
Pattern Vectors)

THRESHOLD( maxi num # TVS)

THRESHOLD( mexi mum 2D
Feat ure Aspect Rati 0)

THRESHOLD( mexi num Pattern

Vect or Hei ght)

THRESHOLD( mexi num Patt ern

searching for 2D Features on adjacent or the
same ELEVATION scans in building a 3D
Feature. This radius is used when the
RANGE( Sl ant) of an assigned 2D Feature is

| ess than or equal to THRESHOLD(C rcul ation
Radi us(Range)), in km default 2.5 km range
0.0 - 10.0 km

The maxi mum hori zontal radius used for
searching for 2D Features on adjacent or the
same ELEVATION scans in building a 3D
Feature. This radius is used when the
RANGE( Sl ant) of an assigned 2D Feature s
greater than THRESHOLD(C rcul ati on
Radi us(Range)), in km default 4.0 km
THRESHOLD( Ci r cul ati on Radi usl) -

range
10.0 km

The RANGE (Sl ant) beyond whi ch THRESHOLD
(Grculation Radius2) is invoked, other w se
THRESHOLD( Ci r cul ation Radiusl) is used, in
km default 80 km range 0 - 230 km

Six velocity difference threshol ds used as
criteria for building 2D Features, in nis;
defaults 11, 15, 20, 25, 30, 35 m's; ranges
10 to 75, 15 to 80, 20 to 85, 25 to 90, 30 to
95 and 35 to 100 nmis. Note: 1) The first

t hreshol d shoul d be equal to Vector Velocity
Di fference; 2) Threshold val ues shoul d
increase fromsnallest to largest; 3) It is
reconmended that the difference between
successi ve threshol d val ues not exceed 5 m's
(e.g. 20,25, 30, 35,40,45 nm's).

Maxi mum nunber of 2D Features the algorithm
can process per volune scan; default 600,
range 600-800.

Max total nunber of 3D Features the al gorithm
can process per volune scan; default 35,
range 30 - 50.

Maxi mum nunber of El evated TVS s the
al gorithm can process per volune scan;
default 20, range 15-25.

Maxi mum nunber of Pattern Vectors the
al gorithm can process per el evation scan;
default 2500, range 1500-3000.

Maxi mum nunber of TVS s the al gorithm can
process per volume scan; default 15, range
15- 25.

The maxi mum al | owabl e aspect ratio
JRANGE( Sl ant)/ )AZIMJUTH) for a 2D Feature, in
kmikm default 4.0, range 1.0 to 10.0 knikm

The maxi mum hei ght at which Pattern Vectors
are identified, in km default 10.0 km
range: 1.0 - 15.0 km

The maxi mum RANGE( Sl ant) at which pattern
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Vect or Range)

THRESHOLD( mexi num St or m
Associ ati on Di stance)

THRESHOLD( mi ni mum # 2D
Feat ures Per 3D Feature)

THRESHOLD( mi ni num #
Vectors Per 2D Feature)

THRESHOLD( mi ni mum 3D
Feat ur e Dept h)

THRESHOLD( m ni num

3D Feature Low Level Delt a_

Vel oci ty)

THRESHOLD( m ni num
Refl ectivity)

THRESHOLD( mi ni mum TVS
Base El evati on)

THRESHOLD( mi ni mum TVS
Base Hei ght)

THRESHOLD( mi ni mum TVS
Delta Vel ocity)

THRESHOLD( Vect or Vel ocity
Di fference)

2.2 ACQUI SI TI ON

vectors are identified, in knm default 100
km range 0 to 230 km

The maxi mum di stance froma stormw thin

whi ch to associate TVS and ETVS det ecti ons
with stormcell detections. Association is
not required to declare a TVS or ETVS
detection, in km default 20.0 km range 0.0
to 20.0 km

The m ni mum nunber of 2D Features needed to
make a 3D Feature (TVS or ETVS); default 3,
range 1 to 10.

The m ni mum nunber of Pattern Vectors
required to declare a 2D Feature; default 3,
range 1 to 10.

The m ni mum depth required to declare a TVS
or an ETVS, in km default 1.5 km range 0.0
to 5.0 km

The m nimumradial velocity difference at the
base ELEVATI ON scan required to declare a TVS
or ETVS, in ms; default 25 m's, range O to
100 ni's.

The mnimumreflectivity value required in a
SAMPLE VOLUME for it to be used in a Pattern
Vector, in dBZ, default O dBZ, range -20 to
20 dBz.

The | owest ELEVATI ON angl e to which the base
of a 3D Feature nust extend to declare a TVS,
in degrees; default 1.0° range: 0.0°to
10.0°. Either height or ELEVATION criteria
must be met to declare a TVS.

The m ni mum hei ght AG to which the base of a
3D circul ation nust extend to be declared a
TVS, in km default 0.6 km range 0. - 10.0
km Either height or ELEVATION criteria nust
be met to declare a TVS.

The m nimumradial velocity difference of the
maxi mum 3D Feature delta velocity required to
declare a TVS detection, in ms; default 36
ms, range 0 to 100 ns.

The m nimumrequired gate-to gate velocity
difference required for Pattern Vectors, in
ms; default 11 m's, range 10 to 75 nis.
This threshold should be equal to the first
THRESHOLD( Di fferential Velocity).

AZI MUTH, ELEVATION, and RANGE(Sl ant) are directly neasured by the radar’s
i nst ant aneous position. The REFLECTIVITY FACTOR and VELCCI TY of a sanple vol une
are acquired by nmeasurenments by the radar hardware. The di nensions of RADI ALs

and SAMPLE VOLUMEs are a result of

radar hardware and paraneters at the tine of

the nmeasurenents. A radial is approximately 1 degree wide in azimuth. Each
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sanmpl e volune of reflectivity data is 1 kmlong, and each sanple vol une of
velocity data is 0.25 kmlong. RADIUS (Earth) is a physical constant. All the
t hreshol ds are supplied as adaptabl e paraneters whose val ues have been based on
enpirical studies and are adjustable by the operator/user. The Storm | Ds,

Alzi mut hrs], and Ranges are supplied by a stormcell identification and tracking

al gorithm
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3.

0 PROCEDURE
3.1 ALGORI THM

BEG N ALGORI THM ( TORNADO DETECTI ON)

DO FOR ALL ( ELEVATI ONs)
1.0 DO FOR ALL (RADI ALs) while the # of Pattern Vectors in the ELEVATION is | ess than or equal to
THRESHOLD( mexi num # Pattern Vectors)
DO FOR ALL ( SAMPLE VOLUMES)
COWPUTE (Pattern Vector(Velocity Difference))
IF [(Pattern Vector(Velocity Difference) is greater than or equal to THRESHOLD( Vector Vel ocity
Difference)) AND (RANGE(Sl ant) less than or equal to THRESHOLD(maxi mum Pattern Vector Range)) AND
( REFLECTI VI TY FACTOR( Sanpl e Vol une) of the adj acent SAMPLE VOLUMEs in both radials are greater
than or equal to THRESHOLD(mi ni mum Refl ectivity))]
THEN
COWPUTE (Pattern Vector(Height))
IF (Pattern Vector(Height) is less than or equal to THRESHOLD( maxi mum Pattern Vector Height))
THEN
| DENTI FY a new Pattern Vector
| NCREMENT # of Pattern Vectors
SET Pattern Vector(Range) to the RANGE(SI ant)
COWUTE (Pattern Vector(Azimuth Difference))
COWPUTE (Pattern Vector(begi nning Azi nmut h))
COWPUTE (Pattern Vector(endi ng Azi muth))
END I F
END I F
END DO
END DO

2.0DO FOR ALL (THRESHOLD(Di fferential Velocity) fromlargest to smallest)
FLAG al|l Pattern Vectors as UNASSI GNED
2.1 DO FOR ALL (UNASSI GNED Pattern Vectors) while the # of 2D Features in the volune scan is less than
or equal to THRESHOLD( maxi mum # 2D Feat ures)
2.1.1 |IF (Pattern Vector(Velocity Difference) is greater than or equal to
THRESHOLD(Di fferential Vel ocity))
THEN
.1.1.1 DO UNTIL (Potential 2D Feature(# Vectors) is | NCREMENTED)
.1.1.1.1 DO FOR ALL (Pattern Vectors already ASSIGNED to any Potential 2D Feature at this
THRESHOLD(Di fferential Vel ocity))
COWPUTE (Vector Radial D stance)
COWPUTE (Vector Azimuthal D stance)

NN
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2.1.1.1.1.1 IF ((Vector Radial Distance is |ess than THRESHOLD( 2D Vector Radi al Distance)) AND
(Vector Azimuthal Distance is less than or equal to THRESHOLD( 2D Vector Azi nut hal
Di stance)))
THEN
ASSI GN the Pattern Vector to the sanme Potential 2D Feature
COWUTE (Potential 2D Feature(beginning Azi nuth))
COWUTE (Potential 2D Feature(ending Azi nuth))
COWPUTE (Potential 2D Feature(begi nning Range))
COWUTE (Potential 2D Feature(ending Range))
| NCREMENT (Potential 2D Feature(# Vectors))
END | F
END DO
| DENTI FY a new Potential 2D Feature
ASSI GN Pattern Vector to the new Potential 2D Feature
SET Potential 2D Feature(begi nning Azinmuth) to the Pattern Vector(begi nni ng Azi nmut h)
SET Potential 2D Feature(ending Azimuth) to the Pattern Vector(endi ng Azi nut h)
SET Potential 2D Feature(begi nning Range) to the Pattern Vector(Range)
SET Potential 2D Feature(ending Range) to the Pattern Vector(Range)
| NCREMENT (Potential 2D Feature(# Vectors))
END DO
END | F
END DO
2.2 DO FOR ALL (Potential 2D Features at this THRESHOLD(Di fferential Velocity))
2.2.1 SORT Pattern Vectors(Potential 2D Feature) by increasing Pattern Vector(Range) and secondly
cl ockwi se (in increasing Pattern Vector(Azinuth)))
.2.2 |F (Pattern Vector(Range) of the first pattern vector is equal to the Pattern Vector(Range) of
the | ast pattern vector)
THEN

N

2.2.2.1 DO FOR ALL (Pattern Vectors(Potential 2D Feature))
2.2.2.1.1 COWPUTE (Maxi mum Vel ocity Difference(Range))
2.2.2.1.2 IF (Pattern Vector(Velocity Difference) is equal to Maxi mum Vel ocity Difference(Range))
THEN
2.2.2.1.2.1 LABEL the Pattern Vector as the Reference Vector (for this range)
END | F
END DO
2.2.2.2 SAVE Reference Vector (delete all others)
2.2.2.3 SET Potential 2D Feature(# Vectors) equal to 1
2.2.3 ELSE
2.2.3.1 SET Reference Vector to the first Pattern Vector at the second range
2.2.3.2 DO FOR ALL (Pattern Vectors at the first range)
2.2.3.2.1 COWUTE (Pattern Vector(Reference Azinmuthal Difference))
2.2.3.2.2 COWPUTE (M ni mum Reference Azinuthal Difference) (for the Pattern Vectors at this range)
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2.3 IF (Pattern Vector(Reference Azinuthal Difference) is |less than the M ni mum Reference
Azi mut hal Difference)
THEN
2.3.1 LABEL the Pattern Vector as the Reference Vector at the 1st range
2.4 ELSE I F (Pattern Vector(Reference Azimuthal Difference) is equal to the M nimm
Ref erence Azi muthal Difference)
THEN
.2.4.1 COWPUTE (Maxi mum Vel ocity Difference(Range)) (for the Pattern Vectors at this range)
.2.4.2 IF (Pattern Vector(Velocity Difference) is greater than or equal to the Maxi num Vel ocity
Di ff erence( Range))
THEN
.2.4.2.1 LABEL the Pattern Vector as the Reference Vector at the 1st range
END | F
END | F
END DO
3 SAVE Reference Vector at the first range (delete all others at the first range)
4 | NCREMENT Potential 2D Feature(# Vectors)
5 DO FOR ALL (ranges within the Potential 2D Feature)
5.1 DO FOR ALL (Pattern Vectors at the range after the Reference Vector)
5.1.1 COWUTE (Pattern Vector(Reference Azinmuthal Difference))
5.1.2 COWPUTE (M ni mum Reference Azinuthal Difference) (for the Pattern Vectors at this range)
5.1.3 IF (Pattern Vector(Reference Azinmuthal Difference) is |less than the M ni mum Ref erence
Azi mut hal Difference)
THEN
5.1.3.1 LABEL the Pattern Vector as the Reference Vector (for the next range)
5.1. 4 ELSE I F (Pattern Vector(Reference Azimuthal Difference) is equal to the M ni mum Reference
Azi mut hal Difference)
THEN
.5.1.4.1 COWPUTE (Maxi mum Vel ocity Di fference(Range) (for the Pattern Vectors at the next
range))
.5.1.4.2 IF (Pattern Vector(Velocity Difference) is greater than or equal to the Maxi num
Vel ocity Difference(Range))
THEN
.5.1.4.2.1 LABEL the Pattern Vector as the Reference Vector (for the next range)
END | F
END | F
END DO
SAVE Reference Vector at the next range (delete all others at the next range)

END DO
NDIF
IF (Potential 2D Feature(# Vectors) is greater than equal to THRESHOLD(mi ni num # Vectors Per

5.2
.5.3 I NCREMENT Potential 2D Feature(# Vectors)
END I F

(S
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2D Feature))
THEN
2.2.4.1 DO FOR ALL (Potential 2D Feature(# Vectors))
COWPUTE (maxi mum Potential 2D Feature(Delta Velocity))
COWPUTE (Pattern Vector (Mmentum)
END DO
COWUTE (Potential 2D Feature(Sum Monent un))
COWUTE (Potential 2D Feature(Sum Ranges))
COWUTE (Potential 2D Feature(Sum M ddl e Azi nmut hs))
COWUTE (Potential 2D Feature(Sum Delta Azi nut hs))
COWUTE (Potential 2D Feature(Radial Dianeter))
COWUTE (Potential 2D Feature(Azi nmuth))
COWUTE (Potential 2D Feature(Range))
COWPUTE (maxi mum Potenti al 2D Feat ur e( Shear))
COWPUTE (Potential 2D Feature(X))
COWPUTE (Potential 2D Feature(Y))
COWUTE (Potential 2D Feature(Average El evation))
COWPUTE (Potential 2D Feature(Height))
COWUTE (Potential 2D Feature(Azinuthal Dianeter))
COWUTE (Potential 2D Feature(Aspect Ratio))
2.2.4.2 |F (Potential 2D Feature Aspect Ratio is |less than THRESHOLD( maxi mum 2D Feat ure Aspect Rati 0))
THEN
NI TIALI ZE Overlap Counter to @
2.2.4.2.1 DO FOR ALL (2D Features)[already found at this el evation scan]
IE [(Potential 2D Feature(beginning Azinuth) is |l ess than or equal to 2D
Feat ur e( begi nni ng Azi muth) AND (Potential 2D Feature(ending Azimuth) is greater than or
equal to 2D Feature (ending Azimuth) AND (Potential 2D Feature(begi nning Range) is |ess
t han 2D Feat ur e(begi nni ng Range) AND (Potential 2D Feature(ending Range) is greater than
or equal 2D Feature(ending Range) AND (Potential 2D Feature(Average El evation) is equal
to 2D Feature(Average El evation))]
THEN
COWPUTE (Overl ap Counter)
END | F
END DO
2.2.4.2.2 IF (Cverlap Counter equals 1)
THEN
SET 2D Feature(Azinuth) to Potential 2D Feature(Azi mut h)
SET 2D Feature(Range) to Potential 2D Feat ure(Range)
SET 2D Feature(Height) to Potential 2D Feature(Height)
SET 2D Feature(X) to Potential 2D Feature(X)
SET 2D Feature(Y) to Potential 2D Feature(Y)
SET 2D Feature(begi nning Azimuth) to Potential 2D Feature(begi nni ng Azi nmut h)
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SET 2D Feature(ending Azinmuth) to Potential 2D Feature(ending Azi nuth)
SET 2D Feat ure(begi nning Range) to Potential 2D Feature(begi nni ng Range)
SET 2D Feature(ending Range) to Potential 2D Feature(endi ng Range)
Not e: REPLACE The attributes of the Saved 2D feature with these attributes of the Potential 2D Feature.

2.2.4.2.3 ELSE I F (COverlap counter equals 0)
THEN
SAVE the Potential 2D Feature as a new 2D Feature
| NCREMENT # of 2D Feat ures
SET 2D Feature(Azinuth) to Potential 2D Feature(Azi mut h)
SET 2D Feature(Range) to Potential 2D Feat ure(Range)
SET 2D Feature(Height) to Potential 2D Feature(Height)
SET 2D Feature(X) to Potential 2D Feature(X)
SET 2D Feature(Y) to Potential 2D Feature(Y)
SET 2D Feature(begi nning Azimuth) to Potential 2D Feature(begi nni ng Azi nmut h)
SET 2D Feature(ending Azimuth) to Potential 2D Feature(endi ng Azi nuth)
SET 2D Feat ure(begi nning Range) to Potential 2D Feature(begi nni ng Range)
SET 2D Feature(ending Range) to Potential 2D Feature(endi ng Range)
SET maxi num 2D Feature(Delta Vel ocity) to maxi mum Potential 2D Feature(Delta Vel ocity)
SET maxi num 2D Feat ure(Shear) to maxi num Potential 2D Feature(Shear)

2.2.4.2.4 ELSE
DELETE the Potential 2D Feature

END | F
END | F
END | F
END DO
END DO (Differential Velocities)
END DO

3.0 SORT 2D Features by MAXI MUM DELTA VELOCITY from |l argest to snall est

4.0 DO FOR ALL ELEVATI ONS FROM LOWNEST TO HI GHEST
IF (the # of 2D Features on the current ELEVATION is greater than 0)
THEN
DO FOR ALL (2D Features on the current ELEVATI ON)
THEN
(the 2D Feature has not been ASSI GNED or DI SCARDED)
THEN

ASSI GN 2D Feature on the current ELEVATION to the Potential 3D Feature

IF (2D Feature(RANGE) is less than or equal to THRESHOLD( G rcul ati on Radi us(Range))
THEN
SET Circul ation Radius to THRESHOLD(Ci rcul ati on Radi usl)

ELSE
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SET Circul ation Radius to THRESHOLD(Ci rcul ati on Radi us2)

END | F (2D Feat ur e( RANGE) )

DO FOR ALL (hi gher ELEVATI ONs)
IF (the # of 2D Features on the higher ELEVATION are greater than 0) AND (the nunber of

ELEVATI ONS bet ween the current ELEVATION and the hi gher ELEVATION is |l ess than or equal to

one)
THEN
DO FOR ALL (2D Features the current ELEVATI ON)
IF (the next 2D Feature on the higher ELEVATI ON has not been ASSI GNED or DI SCARDED)
THEN
COWUTE (Potential 3D Feature to 2D Feature Di stance)
IF (Potential 3D Feature to 2D Feature Distance is less than or equal to Circul ation
Radi us)
THEN
IF (a 2D Feature on the higher ELEVATI ON has al ready been ASSI GNED)
HEN
DI SCARD 2D Feature found on the higher ELEVATI ON
ELSE
ASSI GN 2D Feature on the higher ELEVATION to the Potential 3D Feature
| NCREMENT the # OF 2D Feat ures(3D Feat ure)
END | F
END | F
END | F
END DO
END | F
END DO
END | F
END DO
END | F

END DO
5.0 SORT 2D Features by HEIGHT from smallest to | argest

6.0 DO FOR ALL (Potential 3D Features)
DO VWHI LE (the # of 3D Features is |ess than THRESHOLD( maxi mum # 3D Feat ures))

ILFE (# O 2D Features(3D Feature) is greater than THRESHOLD(m ni rum # 2D Features (3D Feature)))
THEN
SAVE the Potential 3D Feature as a 3D Feature
DO FOR ALL 2D Features(3D Feature) from | owest to highest
IF (2D Feature is the | owest)

THEN
ASSI GN 2D Feature(Average El evation) to 3D Feat ure(Base El evaton)
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ASSI GN 2D Feature(Height) to 3D Feature(Base Height)
ASSI GN 2D Feature(Delta Velocity)) to 3D Feature(Base Delta Vel ocity)
ASSI GN 2D Feature(Range) to 3D Feature(Base Range)
ASSI GN 2D Feature(Azinuth) to 3D Feature(Base Azi nmut h)
ELSE I F (2D Feature is the highest)
ASSI GN 2D Feature (Height) to 3D Feature(Top Height)
END | F
COWPUTE (3D Feat ur e( Dept h)
COWPUTE (maxi mum 3D Feature(Delta Velocity))
COWPUTE ( HElI GHT maxi num 3D Feature(Delta Vel ocity))
COWPUTE (maxi mum 3D Feat ur e( Shear))
COWPUTE (HElI GHT maxi num 3D Feat ur e( Shear))
END DO
COWPUTE( Aver age Delta Vel ocity)
END | F
END DO
END DO

7.0 DO FOR ALL (3D Features)
IF ((3D Feature(Depth) is greater than or equal to THRESHOLD(m ni mum 3D Feat ure Depth))
THEN
IF (3D Feature(Base Height) is greater than THRESHOLD(m ni nrum TVS Base Height)) AND (3D Feature (Base
Average El evation) is greater than THRESHOLD( nmi ni mum TVS Base El evati on))
THEN
IF Feature(Base Delta Velocity) is greater than or equal to THRESHOLD(m ni mum TVS Delta Vel ocity))
THEN
SAVE 3D Feature as an ETVS
END I F
ELSE I F (3D Feature(Base Delta Velocity) is greater than or equal to THRESHOLD(m ni nrum 3D Feature Low
Level Delta Velocity)) OR (rmaxi num 3D Feature(Delta Velocity) is greater than THRESHOLD(TVS Delta

Vel ocity))
THEN
SAVE 3D Feature as a TVS
END I F
END I F
IF (3D was saved as a TVS or ETVS)
THEN
| NCREMENT (# of TVSs/ETVSS)
IE (TVS)
THEN

| NCREMENT (# of TVSs)
IF (the # of TVSs is greater than or equal to THRESHOLD( maxi mum # of TVSs)
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THEN
SET (the # of TVSs equal to the THRESHOLD( maxi mum # of TVSs)
DI SCARD the TVS with the smallest TVS(Base Delta Velocity) and, secondly, the smallest maxi num
TVS(Delta Vel ocity)
END | F
ELSE
| NCREMENT (# of ETVS)
IF (the # of ETVSs is greater than or equal to THRESHOLD( maxi mum # of ETVSS)
THEN
SET (the # of ETVSs equal to the THRESHOLD( mexi num # of ETVSS)
DI SCARD the ETVS with the smallest TVS(Base Delta Velocity) and, secondly, the smallest maxi mum
TVS(Delta Vel ocity)
END | F

END | F

WRI TE(TVS(Type)) Note: TVS or ETVS

VRI TE( TVS(Base Azi nut h))

WRI TE( TVS(Base Range))

WRI TE( TVS(Base El evation Angl e)

WRI TE( TVS(Base Hei ght))

WRI TE( TVS( Top Hei ght))

WRI TE( TVS( Dept h))

VWRI TE( TVS(Base Delta Vel ocity))

VRI TE( maxi mum TVS(Del ta Vel ocity))

VRI TE( HEI GHT TVS(rmexi num Delta Vel ocity))

WRI TE( Aver age Delta Vel ocity)

VRI TE( maxi mum TVS( Shear))

VRI TE( HEI GHT TVS( maxi num Shear))

END | F
END DO
WRI TE(# of TVSs)
WRI TE(# of ETVSs)
8.0 DO FOR ALL (TVS Feat ures)
INITIALI ZE TVS(ID) to "?2?"
DO FOR ALL (STORM CELLS)

COWPUTE (St orm Associ ati on Di stance)

IF ((Storm Associ ation Distance is |l ess than the THRESHOLD( maxi num St or m Associ ati on Di stance) AND
(Storm Associ ation Distance is less than or equal to the m ni mum St orm Associ ati on Di stance for
this TVS Feature))

THEN

ASSI GN STORM CELL(ID) to the TVS(ID) (Note: Disassociate any previously associ ated STORM CELL)

SET the m nimum Storm Associ ation Distance for this TVS Feature to the Storm Associ ati on Di stance
END | F
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3.2 COWUTATI ON
3.2.1 NOTATI ON
#2D = # O 2D Features(3D Feature), the nunber of 2D Features
contained in a 3D Feature.

2DDVmax

2D Feature(Delta Velocity), the maxi mum vel cocity
difference of all 1D Pattern Vectors within a 2D
Feature, in nis.

2DHt = 2D Feature(Height), the height (to the nmonmentum wei ght ed
center) of a 2D Feature above radar level, in km

2DShr max

maxi mum 2D Feat ur e( Shear), the naxi mum shear of al
Pattern Vectors within a 2D Feature, in 1/s*E-03.

2DX = 2D Feature(X), the X coordinate (to the nomentum
wei ghted center) of a 2D Feature being considered as
part of a potential 3D Feature, in km

2Dy = 2D Feature(Y), the Y coordinate (to the nonmentum
wei ghted center) of a 2D Feature being considered as
part of a potential 3D Feature, in km

2D3DX The X coordinate the 2D Feature that was | ast assigned

to a Potential 3D Feature, in km

2D3DY

The Y coordinate the 2D Feature that was | ast assigned
to a Potential 3D Feature, in km

3DDept h 3D Feature(Depth), the difference in height between the

base and top of a 3D Feature, in km

3DDVH

The HEI GHT nmaxi mum 3D Feature(Delta Vel ocity), the
hei ght (to the nonmentum wei ghted center) of the 2D
Feat ure which contains the maxi numdelta velocity
contained in a 3D Feature, in km

3DDVmax

The maxi mum 3D Feature(Delta Velocity), the maxi num
delta velocity of a 3D Feature. The maxi mum gate-to-
gate velocity difference of all the 1D Pattern Vectors
in any of the 2D Features contained in a 3D Feature, in
ns.

3DSH = The HEI GHT nmaxi mum 3D Feat ure( Shear), the height (to the
nmonent um wei ghted center) of the 2D Feature which
contai ns the maxi num shear contained in a 3D Feature, in
km

3DShr max

The maxi mum 3D Feat ur e( Shear), the maxi mum shear of a 3D
Feature. The maxi mum shear of all Pattern Vectors in
any of the 2D Features contained in a 3D Feature, in

1/ s*E- 03.

ADV = Average Delta Velocity (ADV), in a 3D Feature, a
Sunmat i on of weighted 2D Feature Delta Velocities over
t he nunber of 2D Features, in S.

AveDel Az

The average difference between the begi nning and endi ng
azimuths of all radials in an el evation scan, in
degr ees.
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BASEH

Cell _Dis

Cel X
Cell Y
Del Az

EL

Max VD

M nAD

Moment um

Over Count

P2DAspect Rati o

P2DAveEl ev

P2DAz

P2DAzDi a

P2DBegAz

AZI MJUTH, the azinuthal position, in degrees.

3D Feature(Base Height), the height (above radar |evel)
of the lowest 2D Feature in a 3D Feature, in km

The di stance between a TVS Feature and a STORM CELL, in
km

X-coordi nate (of the centroid) of a STORM CELL, in km
Y-coordi nate (of the centroid) of a STORM CELL, in km

Delta Azimuth, the angle which the radials of the
el evati on scan enconpass; usually ~ 360, in degrees.

ELEVATI ON, the el evation angle of an elevation scan, in
degr ees.

An index for 2D Features.

The index of refraction, or the factor by which the
Earth’s radius is nultiplied to account for the
refraction of the radar beamin a standard atnosphere
(1.21).

Maxi mum Vel ocity Difference(Range), the maxi numvelocity
difference of all the Pattern Vectors (conpared) at the
same range within a Potential 2D Feature, in nis. (Not
all Pattern Vectors at the sanme range within Potenti al
2D Feature will be conpared.)

M ni mum Ref erence Azimuthal Difference, the Pattern

Vector with the M nimum Ref erence Azi nuthal Difference
(at any one range within a Potential 2D Feature) is the
closest in azinmuth to the Reference Vector, in degrees.

Pattern Vector (Mnmentum, the nmomentum of a Pattern
Vector in a Potential 2D Feature, in deg*ms.

An index for Pattern Vectors assigned to a Potential 2D
Feat ure.

Overl ap Counter, the nunmber of overl appi ng 2D Feat ures.

= Potential 2D Feature(Aspect Ratio), the ratio of a
Potential 2D Feature's radial dianeter over it's
azi mut hal di aneter.

Potential 2D Feature(Average El evation), the average
ELEVATION of all radials in a Potential 2D Feature, in
degr ees.

Potential 2D Feature(Azimuth), the azinmuth of the
(rmoment um wei ght ed) center of a Potential 2D Feature, in
degr ees.

Potential 2D Feature(Azimuthal D aneter), the azinutha
di ameter of a Potential 2D Feature wei ghted by nmomentum
i n degrees.

Potential 2D Feature(begi nning Azi muth), the begi nni ng

or nost couter-clockw se AZI MUTH of a Potential 2D
Feature, in degrees.
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P2DBegRng =

P2DDVmax

P2DEndAz

P2DEndRng =

P2DHt =

P2DRadDi a =

P2DRng =

P2DShr max =

P2DX =

P2DY =

P3D 2D Dist =

SunDel t aAzMom =

SunmM dAzMom =

Potential 2D Feat ure(begi nni ng Range), the begi nning or
cl osest RANGE(SLANT) of a Potential 2D Feature, in km

maxi mum Potential 2D Feature(Delta Velocity), the
maxi mum vel ocity difference of all Pattern Vectors
within a potential 2D Feature, in nis.

Potential 2D Feature(ending Azinuth), the ending or nost
cl ockwi se AZI MJTH of a potential 2D Feature, in degrees.

Potential 2D Feature(endi ng Range), the ending or
farthest RANGE(SLANT) of a Potential 2D Feature, in km

Potential 2D Feature(Height), the height above the radar
of the (rmomentum wei ghted) center of a Potential 2D
Feature, in km

Potential 2D Feature(Radi al Dianeter), the radial
di anmeter of a Potential 2D Feature, in km

Potential 2D Feature(Range), the slant range to the
(rmoment um wei ghted) center of a Potential 2D Feature, in
km

maxi mum Pot enti al 2D Feature(Shear), the nmaxi mnum shear
of all Pattern Vectors within a potential 2D Feature, in
1/ s*E- 03.

Potential 2D Feature(X), the X-coordinate of the
(rmoment um wei ght ed) center of a Potential 2D Feature, in
km

Potential 2D Feature(Y), the Y-coordinate of the
(rmoment um wei ght ed) center of a Potential 2D Feature, in
km

Potential 3D Feature to 2D Feature Distance, the XY

di stance between the 2D Feature being considered and the
| ast assigned 2D Feature of the Potential 3D feature
being built, in km

An index for RADIALs.

RADI US(Earth), the redius of the Earth (6371), in km

An index to the REFERENCE Vector.

RANGE( Sl ant), the slant range to the center of a SAMPLE
VOLUME, in km

Sunmat i on of weighted 2D Feature(Delta Velocities) in a
3D Feature - used in the conmputation of ADV, in ms.

Potential 2D Feature(Sum Delta Azimuths), a sunmmation
of the delta Azinmuths of the Pattern Vectors in a
Potential 2D Feature wei ghted by nonmentum

Potential 2D Feature(Sum M ddl e Azimuths), a sunmmation

of the mddle azimuths of the Pattern Vectors in a
Potential 2D Feature wei ghted by nonmentum
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Sumivbm

SumRnghMbm =

TOPH

TVS Az
TVS_El
TVS_Ran
TVS_X
TVS_Y

v

Vect AD

Vect BegAz

Vect EndAz

Vect Ht

Vect Ref AD =

Vect Rng

Vect VD

VAD

Potential 2D Feature(Sum Monmentum), a summation of the
Monentum of the Pattern Vectors in a Potential 2D
Feat ur e.

Potential 2D Feature(Sum Ranges) = a sunmation of the
RANGES( Sl ant) of the Pattern Vectors in a Potential 2D
Feature weighted by nonentum

3D Feature(Top Height), the height (above radar |evel)
of the highest 2D Feature in a 3D Feature, in km

The azimuth (of the base) of a TVS Feature, in deg.
The el evation (of the base) of a TVS Feature, in deg.
The slant range (of the base) of a TVS Feature, in km
The X-coordinate (of the base) of a TVS Feature, in km
The Y-coordinate (of the base) of a TVS Feature, in km

VELQOCI TY( Sanpl e Vol une), the nean radial velocity of a
SAMPLE VOLUME, in nis.

Patten Vector(Azimuth Difference), the difference in
AZI MUTH bet ween 2 radial s being processed, in degrees.

Pattern Vector (begi nning Azi nuth), begi nning AZI MJUTH of
a Pattern Vector, in degrees.

Pattern Vector(ending Azi mnuth), ending AZI MJTH of a
Pattern Vector, in degrees.

Pattern Vector(Height), height of a Pattern Vector,
above radar level, in km

Pattern Vector (Reference Azi nuthal Difference), the

di fference in AZI MUTH bet ween the begi nni ng azi mut hs of
two Pattern Vectors of different ranges within a
Potential 2D Feature, in degrees. One of the Pattern
Vectors is at the current range, and the other Pattern
Vector is either at the next or previous range in the
feature. |If the current range is the Potential 2D
Feat ur e( begi nni ng Range), then the Reference Vector
at the next range. Qherw se, the Reference Vector
at the previous range.

is
is

Pattern Vector(Range), the range to a Pattern Vector, in
km

Pattern Vector(Velocity Difference), the difference in
VELOCI TY between a pair of sanple volunes at the sane
range from 2 adjacent radials, in nis.

Vector Azi muthal Distance, the aznuthal distance between
an unassigned Pattern Vector and a Pattern Vector
assigned to a Potential 2D Feature, in degrees.

Vector Radial Distance, the radial distance between an

unassi gned Pattern Vector and a Pattern Vector assigned
to a Potential 2D Feature, in km
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Wei ghting function for the 2D Feature(Delta Vel ocity)
used in the conputation of ADV; it is based on the 2D
Feat ur e( Hei ght) .
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3.2.2 SYMBOLI C FORMULAS

COWPUTE (Pattern Vector(Velocity Difference))
Vect VD = VRS,r - VRS,r + 1

COWPUTE (Pattern Vector (Height))
VectHt = SIN(EL)(RS) + (RS)? (2(I1 R (RE))

where SINis the sine function

COWUTE (Pattern Vector(Azimuth Difference))
Vect AD = ABS(AZ, - AZ . .),
if VectAD > 180, then VectAD = 360 - Vect AD

where ABS is the absol ute val ue function

COWPUTE (Pattern Vector(begi nning Azi mut h))
Vect BegAz = AZ,

COWPUTE (Pattern Vector(endi ng Azi muth))
Vect EndAz = AZ, .,

COWPUTE (Vector Radial D stance)
VRD = ABS(Vect Rng - Vect Rng;)

COWUTE (Vector Azimuthal D stance)

Vect AD VeCt /A\Df

+ Vect BegAzf] )

+ Vect BegAz} -

VAD = ABS(

| F (VAD > 180)
THEN

AD = 360 - VAD
ENDI F

(1.e. subtract the average AZI MJTH of the unassigned Pattern Vector and
the Pattern Vector already assigned to a Potential 2D Feature being
conpar ed.

<

Note: the variables with subscript f are attributes of a pattern vector
whi ch has al ready been assigned to a 2D Feature.

COWUTE (Potential 2D Feature(beginning Azi nuth))

IF (ABS(Vect BegAz - P2DBegAz) < 180)
THEN
I'F Vect BegAz < P2DBegAz)
THEN
P2DBegAz = Vect BegAz
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ENDI F
ELSE I F (Vect BegAz > P2DBegAz)
THEN
P2DBegAz = Vect BegAz
ENDI F

(Redl i nes added to correct for zero crossing)

COWUTE (Potential 2D Feature(ending Azi nuth))
I F Vect EndAz > P2DEndAz, P2DEndAz = Vect EndAz
ILE (ABS(Vect EndAz - P2DEndAz) < 180)

THEN
I'F Vect EndAz > P2DEndAz)
THEN
P2DEndAz = Vect EndAz
ENDI F
ELSE | F (Vect EndAz < P2DEndAz)
THEN
P2DEndAz = Vect EndAz
ENDI F

(Redl i nes added to correct for zero crossing)

COWPUTE (Potential 2D Feature(begi nning Range))
IF Vect Rng < P2DBegRng, P2DBegRng = Vect Rng

COWUTE (Potential 2D Feature(ending Azi nuth))
I'F Vect Rng > P2DEndRng, P2DEndRng = Vect Rng

COWUTE (Pattern Vector(Reference Azinmuthal Difference))
Vect Ref ADys = ABS( Vect BegAzgr - Vect BegAzgs)
where VectBegAzy is the begi nning azimuth of the Reference Vector and
Vect BegAzgs i S the begi nning azimuth of the Pattern Vector at the current
RANGE(Sl ant). If the current RANGE(SIant) is the sane as the Potential 2D
Feat ur e( begi nni ng Range), then the Reference Vector will be the first next
Pattern Vector (in the sorted list) with a RANGE(SI ant) greater than

Pattern Vector(Range). Oherw se, the Reference Vector will be the | ast

previous Pattern Vector (in the sorted list) with a RANGE(Sl ant) | ess than
Pattern Vector (Range).

COWPUTE (M ni mum Ref erence Azi nuthal Difference)
ILF Vect Ref AD < M nADs, M nADzs = Vect Ref AD

Note: M nAD should be reinitialized whenever the Reference Vector changes.

COWPUTE (Maxi mum Vel ocity Difference(Range))
LE (VectVD > MaxVDyks), MaxVDgs = Vect VD
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COWPUTE (maxi mum Potential 2D Feature(Delta Velocity))
LF (VectVD > P2DDVnex;), P2DDVnex; = Vect VD

COWUTE (Pattern Vector(Mmentum)
Monent um = ABS( Vect AD * Vect VD)

COWUTE (Potential 2D Feature(Sum Monent unj)

SumMvbom = X (Monent un
n

COWUTE (Potential 2D Feature(Sum Ranges))

SumRngMom = X (Vect Rng) . * (Monmentum)

COWUTE (Potential 2D Feature(Sum M ddl e Azi nut hs))

SumM dAzMom = X (Centroid Az) = (Momentum)
n
wher e,
Centroid Az = (%D) + M N( Vect BegAz, Vect EndAz)

| F (ABS( Vect BegAz - Vect EndAz) >180)

THEN

Vect AD

5 ) + MAX( Vect BegAz, Vect EndAz)

Centroid Az = (

IE (Centroid Az > 360)
THEN
Centroid Az = Centroid Az - 360

COWUTE (Potential 2D Feature(Sum Delta Azi nut hs))

SunDel t aAzMom = X (Vect AD) , * (Monmentum)
n

COWUTE (Potential 2D Feature(Radial Dianeter))
P2DRadDi a = ABS( P2DEndRng - P2DBegRng)

COWUTE (Potential 2D Feature(Azi nmuth))
P2DAz = SunmM dAzMom / Sumivbm
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COWUTE (Potential 2D Feature(Range))
P2DRng = SunmRngMbm / Sunivbm

COWPUTE (maxi mum Potenti al 2D Feat ur e( Shear))

P2Dshr max; = P2DDVimax;/ (P2DRng; * 2 * SI N(AveDel Az/ 2)),
where AveDel Az = Del Az/ ((# of radials for the el evation scan)
where Del Az = ABS(Az(last radial) - Az(first

IE (# of radials > 180) THEN
IF (Del Az <= 180) THEN
Del Az = 360 - Del Az
END | F
ELSE
IF (Del Az > 180) THEN
Del Az = 360 - Del Az
END | F
END | F

COWPUTE (Potential 2D Feature(X))
P2DX = P2DRng * si n(P2DAz)

COWPUTE (Potential 2D Feature(Y))
P2DY = P2DRng * cos(P2DAz)

COWUTE (Potential 2D Feature(Average El evation))

P2DAvgEl ev = % * X (El evation Angl e of Radial)
n

COWPUTE (Potential 2D Feature(Height))

P2DHt =  (P2DRng * si n( P2DAvgEl ev)) +

COWUTE (Potential 2D Feature(Azinuthal Dianeter))

P2DAzDi a =

(3B%)

SunDel t aAzMbm = P2DRng *
(8 * 180 = Sumvbm

COWUTE (Potential 2D Feature(AspectRatio))
P2DAspect Rati o = P2DRadDi a / P2DAzDi a

COWPUTE (Overl ap Counter)
Over Count = OverCount + 1
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COWUTE (Potential 3D Feature to 2D Feature Di stance)
P3D 2D Dist =

J(2DX — 2D3DXF + (2DY - 2D3DYF

COWPUTE (maxi mum 3D Feature(Delta Velocity))

3DDVmax = 2DDVnax, if 2DDVmax > 3DDVmax

COWPUTE ( HElI GHT maxi num 3D Feature(Delta Vel ocity))

3DDVH = 2DHt, when 3DDVmax = 2DDVmax for the hei ghtest 2D Feature

COWPUTE (maxi mum 3D Feat ur e( Shear))

3DShrmax = 2DShrnmax, if 2DShrmax > 3DShr max

COWPUTE ( HElI GHT maxi num 3D Feat ur e( Shear))

3DSH = 2DHt, when 3DShrmax = 2DShrmax for the hei ghtest 2D Feature

COWPUTE (Average Delta Velocity)
ADV = S/ (#2D + 1)

wher e, S = Z WI; * 2DDVax;
f
wher e,

IF (2DH ; < THRESHOLD( Average Delta Vel ocity Hei ght)
THEN
W =1

WI;, = (-.14285 * 2DHt;) + 1.4285
LE (W, < 0)
THEN
WI, = 0
END | F
END | F

COWPUTE (3D Feat ur e( Dept h))
3DDepth = TOPH - BASEH

COWPUTE (St orm Associ ati on Di stance)
Cell _Dis = SQRT((Cell _X - TVS_ X)2 + (Cell _Y = TVS_Y)?)
where TVS X = TVS Ran * SIN(TVS_Az) * COS(TVS_ El)
TVSY = TVS Ran * COS(TVS_Az) * COS(TVS_El)

TORNADO DETECTI ON ALGORI THM ( TDA) [ 039/ 01]
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4.0

QUTPUTS

4.1 | DENTI FI CATI ON

For each vortex (TVS or ETVS) found by this algorithm
out putt ed:

In addition, each volume scan, the algorithmoutputs the nunber of TVSs and

Vortex Type: TVS or ETVS,
Base Azi nut h,

Base Range,

Base Hei ght,

Top Hei ght,

Dept h,

Base El evati on,

Base Delta Vel ocity,

Average Delta Velocity,
Maxi mum Del ta Vel ocity,

Hei ght of the Maxi num Delta Vel ocity,
Maxi mum Shear, and

Hei ght of the Maxi num Shear.
StormCell ID

t he nunber of ETVSs identified.

4.2 DI STRI BUTI ON

The output fromthe algorithmare intended for display.
for the output to be input to tracking/trending al gorithns.

TORNADO DETECTI ON ALGORI THM ( TDA) [ 039/ 01]
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5.

0

5.

1

| NFERENCES
STRENGTHS AND LI M TATI ONS

The TDA vector velocity threshold is not range dependent. Thus, pattern
vectors, and thus circulations in TDA 2D and 3D processing, are given
equal wei ght regardl ess of range.

The al gorithmuses velocity data. Therefore, inproperly dealiased
velocity data will degrade the algorithm performance. Al so, discarded
vel ocity bins (possible during with dealiasing techni ques) can degrade
al gori t hm perf or mance.

Range fol ded echoes often obscure the velocity data naking the detection
of pattern vectors (and, hence, circulations) inpossible.

VWile the TDA uses a M ninmum Refl ectivity Threshold to confines the search
for pattern vectors within the higher reflectivities typically associ ated
with stornms, the TDA uses no reflectivity structures (BWER Hook Echo,
etc.) to identify tornadic circul ations.

The algorithmmay falsely identify pattern vectors in areas of higher
reflectivity such as ground clutter, sea breezes, gust fronts.

The algorithmonly detects pattern vectors, and thus TVSs, with cyclonic
shear.

The shared pattern vector inage is sized to hold 3000 pattern vectors and
400 radi al s per elevation scan (i.e. each half of the 1mge). An adaptable
threshold may further Iimt the nunber of pattern vectors.

At the beginning of the elevation scan, if the shared pattern vector inmage
(i.e. the half to be used) is not unlocked, then the task is aborted for
the el evation scan. And, the entire elevation scan is m ssed.

Many of the adaptable paraneters allow the TDA to becone nore sensitive,
i.e. identify nore circulations. However, this will also increase the
processi ng | oad.

Because of the radar sanpling limtations, (i.e. the relative size and

hei ght of the radar beamto those of a tornado), the radar (and hence, the
al gorithnms) can not actually detect a tornado (except in rare cases).
Instead, the TDA attenpts to identify intense circulations usually
associate with tornados. But, as range increases, the radar beam gets
even | arger and higher. Therefore, at far ranges the TDA may detect
mesocycl ones, and small tornadic circul ati ons may be snoothed and
unidentifiable by the algorithm

Al so, because of sanpling limtations, at very close ranges |arge tornadic
circulations may span several radials. In the mddle of these
circulations there may be very little shear observable in the radial
velocity data. Therefore, in these cases, the TDA may nmiss this type of
circulation (i.e. not identify it as a TVS) or identify two circulations .

Squall line events present a challenge to the TDA because nunerous,
transient, non-tornadic circul ations may devel op al ong the | eadi ng edge.
This is especially true when the squall-line is aligned along a radi al

creating near zero radial velocities.
There is no functionality within the 3D processing that filters multiple

circulations in close horizontal proximty. Therefore, nultiple TVSs (and
ETVSs) can be detected very close to each ot her
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n. The algorithmlogic assunmes that within the vol ume scan, each new
el evation scan is at a higher elevation angle than the |ast.

In the follow ng di scussion, any conpari sons nade are between this algorithm
and the TVS [026/10] al gorithm (NEXRAD Al gorithm Report 1985). The TDA is
based on the paradigmthat the circul ati on associ ated with tornadoes may be
sanmpl ed by adj acent radar beans (Doviak and Zrnic 1975, Brown et al 1978).
Ideally, though, it is desired that each beam be centered on the velocity
peaks of the circulation. As a result, less stringent Differential

Vel ocities are used in the TDA which affords a greater number of detections.
Al so, a nore robust vertical association schene is enployed to hel p avoid

fal se detections. In light of nodern conputing, the TDA has been designed to
all ow a greater anount of information to be processed. Al so, the TDA
operates independently of any nesocycl one detection algorithm Therefore,
the TDAis allowed the freedomto identify tornadic circulations within
stornms that do not contain nesocyclones (e.g. |landspouts in the H gh Plains
region) and storms that contain undetected nmesocyclones. Currently, the TDA
has a hi gher POD than the TVS Al gorithm and perfornms best during events
characterized by isolated supercells. Mre testing and data analysis is
required to determ ne nore accurately how the TDA perfornms in various weat her
scenari os.

Note that tornado detection is a function of the beamw dth, the circulation
radi us, and the distance between the beam and circul ati on centers.

Qovi ously, we do not know the spatial dinensions of a tornado unambi guously
in realtine. Thus, one limting factor to tornado detection is caused by
the sanpling limtations of the radar when observi ng phonenena of unknown a
spatial dinmensions. These sanpling limtations are related to the range
dependence of the sanple volune size, the radar horizon, and the proximty of
the beamcenter to the center of the circulation. For exanple, tornado
signatures at far ranges may be severely snoot hed. Another limting factor
i ncl udes the inproper dealiasing of velocity data which is critical to the
success of tornado detection. Additionally, range fol ded echoes may obscure
the velocity data. False alarns may also result fromnoisy data within
ground clutter near the radar. Tornadoes at near ranges ( < 20 km) may go
unidentified by the TDA since a circulation may actually span three or nore
azimuths. Furthernore, squall line events present a challenge to the TDA
because nunerous, transient, non-tornadic circul ati ons may devel op al ong the
| eadi ng edge. Currently, the TDA uses no reflectivity data (BWER, Hook Echo,
etc.) to identify tornadic circulations. Finally, the TDA does not use range
dependent velocity difference thresholds. Thus, circul ations are given equa
wel ght regardl ess of range.

5.2 FUTURE DEVELOPMENTS

Adapt abl e parameter studies are on-going by the Qperational Support Facility,
the NSSL, and NWS Forecast OFfices to optimze the paraneters for different
stormreginmes, e.g. |lowtopped super-cells. Tinme association techniques have
been devel oped for tracking TVSs and ETVSs and trending their attributes. It
is anticipated that these will be added to the TDA

Currently, NSSL is working on a nunber of ways to inprove the TDA. The TDA
will be conbined with the Mesocycl one Detection Al gorithm (MDA) into a Vortex
Detection Algorithm (VDA). A neural network will be used within the VDA to
classify circulations and provide probability functions. The probability
function will determi ne the probability of severe weather, for exanple,

whet her a tornado may be expected within the next 20 m nutes.
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