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1.0 PROLOGUE
1.1 FUNCTI ONAL DESCRI PTI ON

This algorithmdefines a radial processing technique which identifies
radi al sequences of reflectivity, or segments, as part of the processing
to identify stormcells. These segnents are runs of contiguous sanple
volumes with reflectivity values greater than or equal to a specified

t hreshol d and have a conbined | ength greater than a specified segnment
length threshold. Also, a segnent may contain a specified nunber of
conti guous sanple vol unes which are within a specified dropout
reflectivity value below the reflectivity threshol d.

The algorithmhas multiple reflectivity thresholds (and a m ni mum
segnent length threshold for each reflectivity threshold). For each
el evation scan the algorithm searches for segnents using each of the
reflectivity thresholds as a m ni nrum val ue.

For each segnent, the following attributes are cal cul ated and saved:

maxi mumreflectivity (using a three (adaptable) gate average), mnass

wei ghted | ength, and nass wei ghted | ength squared. In addition to those
calcul ated attributes, the following attributes are saved for each
segnent: azimuth, reflectivity threshol d, beginning range, and ending
range. These attributes are used as inputs by the STORM CELL CENTRA DS
[@B7] algorithmwhere radially adjacent segnents are conbined into storm
conponent s.

1.2 SCOURCE

This al gorithm has been inplenented as part of the Storm Cell
Identification and Tracking (SCIT) algorithm by the National Severe
Storns Laboratory (NSSL) in Norman, Gkl ahoma (Johnson, 1994). The ot her
parts of the SCIT algorithmare docunented in the STORM CELL CENTRO DS
[@B7], the STORM CELL TRACKI NG [ B8], and STORM POSI TI ON FORECAST [ @8]
(Version 26) algorithmdescriptions.
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1. 3 PROCESSI NG ENVI RONVENT

This al gorithmwas devel oped for use on a Wather Surveillance Radar -
1988 Doppl er (WSR-88D). For input, the algorithmrequires reflectivity
dat a obtained by direct nmeasurement from a weat her radar. The
reflectivity data nust be provided in sanple volunes of constant |ength
and approxi mately one degree in azinuth and depth (perpendicular to the
beam) on a radial basis. The radials are collected in a scan of
constant el evation angle (or elevation scans). The al gorithmrequires no
nore than 360 degrees of radial data per elevation scan. Al so,
preprocessing to elimnate bad data (e.g. non-neteorol ogical targets),

al t hough not a necessity, would be a plus.

The algorithm s statistical performance was eval uated while running as a
sub-algorithmof the SCIT algorithm The SCIT algorithmidentifies

i ndividual cells within a storm instead of the entire storm The SCT
al gorithm was devel oped and tested on NSSL's Radar Anal ysis and Di spl ay
Software (RADS) on a 32 bit UN X based SUN Workstation which ingests
live (w deband) or archived (Level 11) radial data froma WSR- 88D

STORM CELL SEG [036/01] - 2



2.0

I NPUTS
2.1 | DENTI FI CATI ON

AZI MUTH

ELEVATI ON

MASS MULTI PLI CATI VE
FACTOR

MASS WEI GHTED FACTOR

PRECI PI TATI ON | NTENSI TY
EXPONENT

RANGE (Sl ant)

REFLECTI VI TY AVERAG NG
FACTOR

REFLECTI VI TY
FACTOR( Sanpl e Vol une)

SAMPLE VOLUME

THRESHOLD ( Dr opout Count)

The azi mut hal position of a radial or CELL
SEGMVENT, in degrees.

The angle of the elevation scan, in
degr ees.

A multiplicative factor used in conputing
t he PRECI PI TATI ON | NTENSI TY for the MASS
cal cul ation (486), in (m?/ n?) (hr/m)™E,

A factor used in computing the MASS of a

SAVPLE VOLUME (53x10%), in (hr)(kg)/ (kntnf).

The power to which the PRECI Pl TATI ON
INTENSITY is raised in calculating the
effective REFLECTIMITY FACTOR (1.37), in
dBZe.

Sl ant range to the center of a SAVPLE
VOLUME, in km

The nunber of SAMPLE VOLUMES used for
conputing a segnent’s naxi mum (aver age)
REFLECTI VI TY FACTOR (3).

The effective radar reflectivity factor of
a SAMPLE VOLUME, in dBZe.

A data sanpl e vol une whose (half power)
di mensions are 1 kmin range (or |ength)
and approximately 1 degree in azinmuth and
depth (perpendi cular to the radar beam.

The maxi mum nunber of contiguous SAVPLE
VOLUMEsS with a REFLECTIVITY FACTOR | ess
than the THRESHOLD (Reflectivity) by |ess
than or equal to the THRESHOLD ( Dr opout
Reflectivity Difference) that may be

i ncluded in a CELL SEGVENT (2).
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THRESHOLD ( Dr opout = The difference bel ow THRESHOLD

Refl ectivity Difference) (Reflectivity) in effective reflectivity
that a SAMPLE VOLUVE may still be included
in a CELL SEGMENT (5), in dBZe.

THRESHOLD ( maxi mum = The maxi num REFLECTIVITY FACTOR used in the

Refl ectivity Mass) MASS WEI GHTED LENGTH and MASS WEI GHTED

LENGTH SQUARED cal cul ations (80), in dBZe.

A set of mninumeffective reflectivities
whi ch t he REFLECTIVITY FACTOR of a SAMPLE
VOLUME nust neet or exceed to be included
in a CELL SEGQGVENT. The REFLECTIVITY FACTOR
of the SAMPLE VOLUMES in a CELL SEGQVENT of
a THRESHOLD (Reflectivity) must meet or
exceed the same THRESHOLD (Refl ectivity)
(69 55, 5@ 45, 4@ 35, 39, in dBZe.

THRESHOLDS (Refl ecti vity)

THRESHOLDS ( Segnent A set of mninumlengths of a CELL SEGQVENT
Lengt h) for each reflectivity threshold (1.9), in
km

2.2 ACQU SITI ON

AZI MUTH, ELEVATION, and RANGE (Slant) are directly measured from the
radar' s i nstant aneous position. The REFLECTI VI TY FACTOR( Sanpl e Vol une) is
acquired from neasurenents taken by the radar hardware. The SAMPLE
VOLUMES are a result of radar hardware and paraneters at the tinme of
observati on.

All other thresholds, coefficients, and exponents are supplied as
adapt abl e paraneters whose values have been based on theoretical and
enpirical studies (See Adaptable Paraneter Table Appendix C) and are
adj ustabl e at the UCP.
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3.0 PROCEDURE

3.1 ALGCRI THM

BEG N ALGORI THM ( STORM CELL SEGMVENTS)

1.0 DO FOR ALL (radials of the elevation scan)
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DO FOR ALL ( THRESHOLDS (Reflectivity))

DO FOR ALL ( THRESHOLDS(Refl ectivity))
DO FOR ALL (CELL SEGVENTS for this THRESHOLD
(Reflectivity))

1.1 COWPUTE (maxi mum REFLECTI VI TY FACTOR( Segnent))

1.2 COWUTE ( MASS WEI GHTED LENGTH( Segnent ) )

1.3 COWUTE ( MASS WEI GHTED LENGTH SQUARED( Segnent ) )

1.4 COWUTE ( NUMBER OF SEGMENTS(Reflectivity
Threshol d))

1.5 WRI TE (maxi mum REFLECTI VI TY FACTOR( Segnent))

1.6 WRI TE (MASS WEI GHTED LENGTH( Segnent))

1.7 WRI TE ( MASS VEEI GHTED LENGTH SQUARED( Segnent ) )

STORM CELL SEG [ 036/ 01]

1 DO FOR ALL (SAMPLE VOLUMEsS of the current radial)
2 IF (REFLECTIVITY FACTOR(Sanpl e Vol une) is greater than
or equal to THRESHOLD (Reflectivity))
THEN
2.1 Begi n or continue POTENTI AL CELL SEGVENT
2.2 LE (Begi nni ng POTENTI AL CELL SEGVENT)
THEN
.2.2.1 COWPUTE ( begi nni ng RANGE( Segnent ) )
END I F
.2.3 COWPUTE (endi ng RANGE( Segnent))
. 2.4 Reset NUMBER OF DROPQUTS to zero.
.3 ELSE | F (REFLECTI VI TY FACTOR( Sanpl e Vol une) is greater
than or equal to (THRESHOLD (Reflectivity) -
THRESHOLD (Dropout Reflectivity Difference)) AND
(conti nui ng POTENTI AL CELL SEGVENT))
THEN
.3.1 COWUTE ( NUMBER OF DROPQUTS)
. 3.2 I'F (NUMBER OF DROPQUTS is greater than
THRESHOLD ( Dr opout Count))
THEN
.3.2.1 End POTENTI AL CELL SEGVENT
END I F
4 ELSE 1 F (Continui ng POTENTI AL CELL SEGVENT)
THEN
4.1 End POTENTI AL CELL SEGVENT
END I F
.5 IE (POTENTI AL CELL SEGVENT is ended)
THEN
.5.1 COWPUTE (LENGTH( Segnent))
.5.2 I'F (LENGTH( Segnment) is greater than or equal to
THRESHOLD ( Segnent Length(Reflectivity
Threshol d)))
THEN
.5.2.1 Label POTENTI AL CELL SEGVENT a CELL SEGVENT
END I F
END I F
END DO
END DO
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.10  WRITE (AZI MJTH)

ol ol ol o
PN
PRRP

END DO

1.2

N

END DO
END DO
COWUTE (average DELTA AZI MJTH)
WRI TE ( ELEVATI ON)
VWRI TE (average DELTA AZI MJTH)

o
coo

END ALGORI THM ( STORM CELL SEGVENTYS)

8 VWRI TE (begi nni ng RANGE( Segnent))
9 VWRI TE (endi ng RANGE( Segnent))

.11  WRITE ( THRESHOLD (Reflectivity))

STORM CELL SEG

WRI TE (NUMBER OF SEGMENTS(Reflectivity Threshol d))

[ 036/ 01]
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3.2 COWPUTATI ON

3.2.1 NOTATION

AZ

DBZE

DBZEavg

DBZEmax

DELAZ

DELAZave

MALS

The AZI MJUTH, the azimuthal position of a radial, in
degr ees.

The REFLECTIVITY FACTOR( Sanpl e Vol une), the effective
radar reflectivity factor of a SAMPLE VOLUME, in dBZe.

The average reflectivity factor of a group of SAVPLE
VOLUMES, in dBZe.

The maxi mum REFLECTI VITY FACTOR( Segnent), the maxi num
average reflectivity factor in a CELL SEGVENT, in
dBZe.

The difference in horizontal azinuthal position of two
adj acent radials on the elevation scan, in degrees.

The average DELTA AZI MJTH, the average difference in
hori zontal azinmuthal position of the adjacent radials
on the elevation scan, in degrees.

An index for SAMPLE VOLUMES.

An index for SAMPLE VOLUMES.

An index for THRESHOLD (Refl ectivity).

The MASS MULTI PLI CATI VE FACTOR, a multiplicative
factor used in conputing the PRECH Pl TATI ON | NTENSI TY
(486), in (m%/ nf) (hr/ mm™E

The THRESHOLD (maxi num Refl ectivity Mass), the maxi mum
REFLECTI VI TY FACTOR used in the MASS WEI GHTED LENGTH
and MASS WEI GHTED LENGTH SQUARED cal cul ati ons (80), in
dBZe.

The MASS VEI GHTED FACTOR, a factor used in conputing
the mass of a SAMPLE VOLUME (53 x 10%), in

(hr) (kg)/ (kmtnt) .

The MASS VEI GHTED LENGTH( Segnent), the mass density
wei ghted I ength of a CELL SEGVENT, in kg/knt.

The MASS WEI GHTED LENGTH SQUARED( Segment), the mass
density weighted | ength squared of a CELL SEGVENT, in
kg/ km

The nunber of radials in an el evati on scan.
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ND

Pl E

PI' N

RS

RSbeg

RSend

SVbeg
Svend
SVL

ZE

The NUMBER OF DROPQUTS, the nunber of contiguous
SAMPLE VOLUMES with a REFLECTIVITY FACTOR | ess than
the THRESHOLD (Reflectivity) by less than or equal to
t he THRESHOLD (Dropout Reflectivity Difference).

The NUMBER OF SEGVENTS(Refl ectivity Threshol d), the
nunber of CELL SEGQVENTS found with each reflectivity
t hr eshol d.

The PRECI Pl TATI ON | NTENSI TY EXPONENT, the power to
whi ch the PRECI PI TATION INTENSITY is raised in
calculating the effective REFLECTIVITY FACTOR (1. 37),
i n dBZe.

The PRECI PI TATI ON | NTENSI TY, precipitation intensity,
in mihr (liquid equivalent).

The REFLECTI VITY AVERAG NG FACTOR, the nunber of
SAMPLE VOLUMEs used for determning the maxi mum
(average) reflectivity factor (3).

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

The begi nni ng RANGE( Segnent), the RANGE(Slant) to the
front (closest to the radar) of the first SAMPLE
VOLUME of a CELL SEGVENT, in km

The endi ng RANGE( Segnent), the RANGE(Slant) to the
back of the [ast SAMPLE VOLUVE of a CELL SEGVENT, in
km

The first SAMPLE VOLUVE of a CELL SEGVENT.

The [ ast SAMPLE VOLUME of a CELL SEGVENT.

The length (in slant range) of a SAVPLE VOLUME, in km
The REFLECTIVITY FACTOR( Sanpl e Vol une), the effective

radar reflectivity factor of a SAMPLE VOLUME, in
m¥/ n¥.
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3.2.2 SYMBOLI C FORMULAS

COWPUTE ( begi nni ng RANGE( Segnent ) )

RSbeg = SVbeg*SVL - SVL/2

COWPUTE (endi ng RANGE( Segnent))

RSbeg = SVend*SVL + SVL/2

COWUTE ( NUMBER OF DROPQUTS)

ND = ND + 1

COVPUTE ( LENGTH( Segnent ))

LEN = RSend - RSbeg

COVPUTE ( maxi num REFLECTI VI TY FACTOR( Segrent ))

j=k + | NT(RA/2)
DBZEavg, = [ ¥ DBZE;] / RA
i =k - INT(RA/2)

where INT is a function whose magnitude is the | argest

exceed the magni tude of the argunent. |ndex j
[ Svbeg, Svend] .

DBZEmax = DBZEavg, if DBZEavg, > DBZEmax

COVPUTE ( MASS WEI GHTED LENGTH( Segrent ))

MAL = Zl£ (MsVi) (RS |

where M5V = (MAF) (PIN),

where PIN is conputed fromthe relation ZE = (MW) (PI N)™E,

and ZE = 10(DPez&10)

If DBZE > MRM DBZE = MRM

STORM CELL SEG
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i nteger that does not
is constrained to the interval
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COVPUTE ( MASS WEI GHTED LENGTH SQUARED( Segrent ) )

MALS = E[(NBVK)(RSK) ]
where M5V is defined as above.

COWPUTE ( NUMBER OF SEGQVENTS)

NS = NS + 1

where | is index for the different reflectivity thresholds.
COWUTE (average DELTA AZI MJTH)

DELAZ = ABS(AZ, - AZ _,)

if DELAZ > 180, then DELAZ = 360 - DELAZ

DELAZavg = [, (DELAZ)]/NAZ
|

STORM CELL SEG [036/01] - 10



4.0 CQUTPUTS
4.1 | DENTI FI CATI ON

For each cell segment the algorithmw |l output the foll ow ng
attributes: the begi nning RANGE, endi ng RANGE, maxi num REFLECTI VI TY
FACTOR, MASS WEI GHTED LENGTH, MASS WEI GHTED LENGTH SQUARED, AZI MJUTH, and
the reflectivity threshold with which it was found. Additional outputs

i ncl ude, the angle of the ELEVATI ON scan on which the al gorithmwas run;
t he average DELTA AZI MJTH of the radials; and the NUVBER OF SEGQVENTS
found with each reflectivity threshold.

4.2 DI STRI BUTI ON

The outputs of this algorithmare inputs to the STORM CELL CENTRO DS
[@B7] algorithm
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5.0

| NFERENCES
5.1 LIM TATI ONS

One consideration is the potentially |arge number of (cell) segnents.
The STORM SEGMENTS [ @2/ 23] al gorithm detects (storn) segnents using
only one reflectivity threshold. This algorithmuses seven reflectivity
t hreshol ds; therefore, there could conparatively be seven times the
nunber of segnments.

Another limtation is that the al gorithm makes no attenpt to prevent
non- et eor ol ogi cal targets (e.g. anonal ous propogation or clutter) in
the reflectivity data from bei ng consi dered segnments. Cutter filtering
is being applied in the WSR-88D, but it is not always adequate or
correctly applied. Wen non-neteorological targets are identified as
segnents, this may lead to falsely identified stormcells or parts of
stormcells in the STORM CELL CENTRO DS [ @7] al gorithm

STORM CELL SEG [036/01] - 12



