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1.0 PROLOGUE
1.1 FUNCTI ONAL DESCRI PTI ON

This algorithmidentifies convective stormcells (or cells) by grouping
cell segnments (or segments) into conponents; conputing the conponents
attributes; vertically correlating the conponents into cells; and
conputing the cells' attributes. A segnment is a radial sequence of
significant reflectivities; conponent is a two di nmensional area of
significant reflectivity; and a centroid is the mass wei ghted center of
a three dimensional region of significant reflectivity. One |arge

di fference between this algorithmand the STORM CENTRO DS [ @Zb]
algorithmis that instead of defining the volune of convective storns,
this algorithmidentifies the individual high reflectivity cores or
cell's within convective storns.

First, to identify cells, the algorithm conbines radially overl appi ng
and azinmuthal ly adjacent radial segnents (fromthe STORM CELL SEQVENTS
[@B6] algorithm into two dinensional potential conmponents. Since there
are nultiple reflectivity thresholds used to find segnents, only
segnents found on the sane el evation scan with the sane specified
reflectivity threshold are conmbined. A potential conponent which has at
| east a specified nunber of segnents and areal extent becones a
conponent .

Next, a search is done for overl appi ng conponents of different
reflectivity thresholds on the sane el evation scan. |If the center of a
conponent found with a higher reflectivity threshold falls within the
boundari es of anot her conmponent, the conponent found with the higher

reflectivity threshold is saved, and the other is discarded. In
addi ti on, the conponents on each el evation scan are sorted by decreasing
nass.

Then the conponents are vertically correl ated; when conmponents are
correlated, they are assigned to the same cell. The centers of nass of
t he conponents at adjacent elevation scans (starting at the |owest) are
conpared for proximty with respect to the x and y plane. For each
conponent, the distance fromthe center of every conponent in the next
hi ghest el evation scan is conpared until a conponent is found within a
specified search radius. Since the conmponents at each el evation scan
are sorted by decreasing nass, the conponents with the |argest nmasses
will be conpared first. |If no match is found for a conponent, then the
search radius is increased, and the conparison is done again. The
conpari son may be done up to three tinmes with increasing search radii.
If at | east two conponents (on adjacent el evation scans) are vertically
correlated, a cell is created, and its centroid and attributes are

cal cul at ed.

If two cells' centroids are within spacial proximty, the cells are
merged. To nerge two cells, their centroids nmust be within a specified
hori zontal distance, and their bases and tops nmust be within a specified
vertical and angul ar separation. Wen nerging two cells, one cell's
conponents are added to the other cell, and a new centroid is

cal cul at ed.

The conponents (which conpose the cells) are saved along with the
following attributes: the elevation angle, mass weighted center (in
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Cartesian (x and y) and pol ar coordi nates (azinuth and range)), height
(AQL), mass, maximumreflectivity, and reflectivity threshold. In
addition, the following cell attributes are calculated: centroid (in
Cartesian (x and y) and pol ar coordi nates (azinuth and range)), height,
maxi mumreflectivity, height of the maximumreflectivity, top, base,
vertically integrated liquid (VIL), and nunber of conponents.

Next, to reduce the crowding, cells which are still w thin spacial
proximty are deleted. |If tw cells are still within a specified

hori zontal distance and the difference in their cell depths is greater
than a specified threshold, then the cell with the | esser Cell-based VIL
i s del eted.

Finally, the remaining cells are sorted by Cell-based VIL and secondly
maxi mumreflectivity. The cells and conponents and their attributes are
used as inputs to the HAIL CORE ALCFT [@35], STORM CELL TRACKI NG [ €38],
and STORM POSI TI ON FORECAST [ 28] al gorithns.

1.2 SOURCE

The STORM CELL CENTRO Ds al gorithm has been inplenmented as part of the
Storm Cell ldentification and Tracking (SCIT) algorithm by the National
Severe Stornms Laboratory (NSSL) in Nornman, Cklahoma (Johnson, 1994). The
other parts of the SCIT algorithmare docunented in the STORM CELL
SEGQVENTS [ @35], STORM CELL TRACKI NG [ @38], and STORM PCSI TI ON FORECAST

[ @8] (Version 26) al gorithm descriptions.

REFERENCES

Johnson, J. T., 1994: Enhanced WSR-88D Storm Cell Identification and
Tracking Algorithm- Final Docunentation Report, NSSL, Norman, K

NEXRAD Al gorithm Report, 1985: STORM CENTRO D ALGORI THM DESCRI PTI ON
[ azb/ 45], The NEXRAD Joi nt Systens Program O fice (JSPO) .

Wtt, A, 1994: The NSSL Hail Detection Algorithm- Initial
Docunent ati on Report, NSSL, Nornman, OK.
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1. 3 PROCESSI NG ENVI RONVENT

This algorithmis run each volume scan. For input, this algorithm
requires segnents fromthe STORM CELL SEGVENTS [ @B6] al gorithm from each
el evation scan. The STORM CELL CENTRO DS [@B7] al gorithm provides cell
data to the HAIL CORE ALOFT [ @35], STORM CELL TRACKI NG [ @38], and STORM
POSI TI ON FORECAST [ @8] al gorit hns.

The algorithm s statistical performance was eval uated while running as
part of the SCIT Algorithm The SCIT algorithmidentifies individual
cells within a convective storminstead of the entire storm (Johnson,
1994).

The Storm Cell Centroids al gorithmwas devel oped for use on a Wat her
Surveil l ance Radar - 1988 Doppler (WSR-88D). The SCI T al gorithm was
devel oped and tested on NSSL's Radar Anal ysis and D splay Software
(RADS) on a 32 bit UNI X based SUN Workstation which ingests live

(wi deband) or archived (Level I1) radial data froma W5SR-88D.
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2.0

I NPUTS
2.1 | DENTI FI CATI ON

average DELTA AZI MJTH
(El evati on)

AZI MUTH( Segnent )

BEAM W DTH

begi nni ng RANGE ( Segnent)

CELL SEGVENT

ELEVATI ON

endi ng RANGE ( Segnent)

MASS WEI GHTED
LENGTH( Segnent )

MASS WEI GHTED LENGTH
SQUARED( Segnrent )

maxi mum REFLECTI VI TY
FACTOR( Segnent )

NUMBER OF SEGVENTS

RANGE SAMPLE SPACI NG

The average angular width of the radials in
t he ELEVATI ON scan, in degrees.

The azi mut hal position of a CELL SEQVENT
i n degrees.

The angul ar di stance between hal f - power
points on either side of the center of the
radar beam in degrees.

The slant range to the beginning (the front
of the first sanple volune) of a CELL
SEGVENT, in km

A contiguous run of SAMPLE VOLUMES along a
radial with reflectivity val ues above one
of multiple reflectivity thresholds with
the following attributes: AZI MJTH,

begi nni ng RANGE, ELEVATI ON angl e, ending
RANGE, MASS WEI GHTED LENGTH, MASS WEI GHTED
LENGTH SQUARED, naxi mum REFLECTI VI TY
FACTOR, and THRESHOLD (Reflectivity).

Angl e of the el evation scan, in degrees.

The slant range to the end (the back of the
| ast sanple volume) of a CELL SEGQVENT, in
km

The mass density weighted length of a CELL
SEGVENT, in kg/knt.

The mass density weighted | ength squared of
a CELL SEGQVENT, in kg/km

The maxi mum (average) reflectivity factor
of a CELL SEGMVENT, in dBZe.

The nunber of CELL SEGVENTS identified on
each ELEVATI ON and THRESHOLD
(Reflectivity).

The difference in slant range between two
adj acent SAMPLE VOLUMEs al ong a radial,
i.e. the length of a SAMPLE VOLUME (1), in
km
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THRESHOLD ( Azi mut hal
Separ ati on)

THRESHOLDS ( Conponent
Ar ea)

THRESHOLD (Depth Del et e)

THRESHOLD ( El evati on
Mer ge)

THRESHOLD ( Hei ght Mer ge)

THRESHOLD (Hori zont al
Del et e)

THRESHOLD (Hori zont al
Mer ge)

THRESHOLD ( NUMBER OF
SEGVENTS)

THRESHOLDS (Refl ecti vity)

The maxi mum azi mut hal separation required
for assigning CELL SEGQVENTS into the sane
COVPONENT (1.5), in degrees.

A set of required mnimmareas for a
COMPONENT. There is an area threshold for
each reflectivity threshold used to find
CELL SEGVENTs (10), in knt.

The maxi mum di fference in the depths of two
STORM CELLs required to del ete one of the
STORM CELLs (4), in km

The maxi mum di fference in the el evation
angl es between the top of one STORM CELL
and the bottom of another STORM CELL
required to nerge the STORM CELLs (3.0), in
degr ees.

The maxi mum di fference in the height

bet ween the top of one STORM CELL and the
bott om of another STORM CELL required to
merge the STORM CELLs (4), in km

The maxi mum hori zontal di stance between two
centroids required to delete one of the
STORM CELLs (5), in km

The maxi mum hori zontal di stance between two
centroids required to nerge the STORM CELLs
(10), in km

The m ni mum nunber of CELL SEGVENTs
required in a COVPONENT (2).

A set of mninumeffective reflectivities
used to find CELL SEGQVENTs and COVPONENTS
and ordered fromlargest to smallest (64
55, 5@, 45, 4@, 35, 3@, in dBZe. The
reflectivity factors of the sanple vol unes
in a CELL SEQVENT nust neet or exceed the
same THRESHOLD (Reflectivity). And only
CELL SEGVENTs whi ch have been found using
t he sane THRESHOLD (Reflectivity) can be
assigned to the same COVPONENT.
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THRESHOLDS ( Sear ch Radi i) A set of distances away from a COVPONENT' s
mass wei ghted center which a search is nade
for another COVPONENT' s nass wei ght ed
center on the next elevation scan with

which to correlate (5, 7.5, 10), in km

THRESHOLD ( Segnent = The m ni num sl ant range overlap required
Overl ap) for assigning CELL SEGVENTs to the sane
conponent (1.95), in km

2.2 ACQU SITI ON

The algorithm inputs CELL SEQVENTs from the STORM CELL SEGMVENTS [ @35]

al gorithm For each CELL SEGVENT the followi ng attributes are al so i nput:

the begi nning RANGE, ending RANGE, naxi mum REFLECTIVITY FACTOR, NASS
WEI GHTED LENGTH, MASS WEI GHTED LENGTH SQUARED, ELEVATI ON, and AZI MJUTH. In
addition, for each elevation, the STORM CELL SEGMVENTS [@B5] algorithm
supplies the average DELTA AZI MJTH and t he NUVBER OF SEGVENTs found with
each reflectivity threshol d.

The RANGE SAMPLE SPACI NG and BEAM W DTH are radar system paraneters. All
other thresholds, coefficients, and exponents are supplied as adaptable
paranmeters whose values have been based on theoretical and enpirical
studi es (See Adaptabl e Paraneter Table Appendi x C) and are adjustabl e at
t he UCP.

STORM CELL CENT. [037/01] - 6



3.0 PROCEDURE
3.1 ALGCRI THM
BEG N ALGORI THM ( STORM CELL CENTRO DS)

1.0 DO FOR ALL ( ELEVATI ONs)
1.1 DO FOR ALL (THRESHOLDS (Reflectivity))
1.1.1 DO FOR ALL (CELL SEQVENTS(Reflectivity
Threshol d) not yet assigned to a Potenti al
Component (Ref |l ectivity Threshol d))
1.1.1.1 DOWH LE (CELL SEQVENT(Reflectivity Threshol d)
is not assigned to a Potential Conponent
(Reflectivity Threshol d))
DO FOR ALL (CELL SEQVENTS(Reflectivity
Threshol d) assigned to any Potenti al
Component (Refl ectivity Threshol d))
COWUTE ( SEGQVENT RANGE OVERLAP)
COWUTE (AZI MUTHAL SEPARATI ON)
IF ((AZI MUTHAL SEPARATION) is |ess than
or equal to THRESHOLD ( Azi mut hal Separati on))
AND ( SEGVENT RANGE OVERLAP is greater than or
equal to THRESHOLD ( Segnent Overl ap))
THEN
COWUTE (NUMBER OF SEGQVENTS
(Component))
Assign the unassigned CELL SEQVENT
to the sane Potential Conponent
(Reflectivity Threshold) as the assigned
CELL SEGVENT
ENDI F
END DO
COWUTE ( NUVMBER OF SEGVENTS( Conponent))
Start a new Potential Conponent
(Reflectivity Threshold) and assign the CELL
SEGVENT to it
END DO
END DO
1.1.2 DO FOR ALL (Potential Components(Reflectivity
Threshol d))
COVPUTE ( AREA( Comnponent ) )
I'F ((AREA(Conponent) is greater than or equal
to THRESHOLD ( Conponent Area)) AND ( NUMBER OF
SEGMVENTS( Conponent) is greater than or equal to
THRESHOLD ( NUMBER OF SEGMENTS)))
THEN
Label Potential Conponent as a Conponent
I ncrenent the NUVBER OF COVPONENTS
(El evati on)
DO FOR ALL (CELL SEQVENTS( Conponent))
COWPUTE ( begi nni ng RANGE( Conponent ))
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COWPUTE (endi ng RANGE( Conponent ) )
COWPUTE ( begi nni ng AZI MUTH( Conponent ) )
COWPUTE (endi ng AZI MJUTH( Conmponent ) )
COWUTE (maxi mum REFLECTI VI TY FACTOR
(Component))
END DO
COVPUTE ( MASS( Conponent ) )
COWPUTE ( X- PCSI TI ON( Conponent ) )
COWPUTE (Y- PCsI TI ON( Conponent ) )
COWPUTE ( RANGE( Conponent))
COWPUTE ( AZI MUTH( Conponent ))
COWPUTE ( HEI GHT( Conponent ) )
ENDI F
END DO
1.1.3 I'F (THRESHOLD (Reflectivity) is not the first))
THEN
DO FOR ALL (COVPONENTs(Reflectivity
Threshol d))
DO WHI LE ( COVPONENT OVERLAP is fal se)
DO FOR ALL (COVPONENTs at all previous
THRESHOLDs (Reflectivity))
COWPUTE ( COVPONENT OVERLAP)
END DO
END DO
IE (COVPONENT OVERLAP is true)
THEN
Di scard the COVMPONENT with the
| esser THRESHOLD (Refl ectivity)
Decrenment the NUVBER OF COVPONENTS
(El evati on)
Reset COVPONENT OVERLAP to fal se

END DO
Sort by MASS(Conponent)
END DO
DO FOR ALL (ELEVATI ONs except the highest)
DO FOR ALL ( THRESHOLD (Search Radii))
DO FOR ALL ( COVPONENTs( ELEVATI ON))
DO UNTI L ( COVPONENT( ELEVATION) is correl ated
with a COVPONENT( next ELEVATI ON))
DO FOR ALL (uncorrel ated COMPONENTS( next
ELEVATI ON) )
COWPUTE ( COVPONENT DI STANCE DI FFERENCE)
I FE (COVPONENT DI STANCE DI FFERENCE i s
| ess than or equal to THRESHOLD ( Search

Radi us))
THEN
COVPUTE ( NUMBER OF COMPONENTS( St or m
Cell))
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IE (COVPONENT( ELEVATI ON) is not
already correlated into a STORM CELL
wi th ot her COVPONENTS)
THEN
Identify new STORM CELL
I ncrenent the NUMBER OF STORM
CELLS
END I F
Correl at e COVPONENT( next ELEVATI ON)
wi t h COVPONENT( ELEVATI ON)
END I F
END DO
END DO
END DO
END DO
END DO
3.0 DO FOR ALL (STORM CELLS)
COWUTE (MASS(Storm Cel 1))
COWUTE (X-POSITION(Storm Cel 1))
COWUTE (Y-POSITION(Storm Cel 1))
COWUTE (BASE(Storm Cel 1))
COWUTE (TOP(Storm Cel l'))
END DO
4.0 DO FOR ALL (STORM CELLS)
DO FOR ALL (rermi ning STORM CELLs whi ch have not
been checked for nergers)
COWUTE ( CENTRA D DI STANCE DI FFERENCE)
COWPUTE ( ELEVATI ON DI FFERENCE)
COWUTE ( HEI GAT DI FFERENCE)
IE ((CENTRO D DI STANCE DI FFERENCE is | ess
than or equal to THRESHOLD (Horizontal Merge)) AND
(ELEVATI ON DI FFERENCE is greater than zero) AND (HElI GHT
DI FFERENCE is greater than zero) AND (( ELEVATI ON
DI FFERENCE is |l ess than or equal to THRESHOLD
(Elevation Merge)) OR (HEIGHT DI FFERENCE is | ess than
or equal to THRESHOLD (Hei ght Merge))))
THEN
Decrement the NUVBER OF STORM CELLS
Merge the STORM CELLS by noving the
COVPONENTs into one STORM CELL, addi ng the NUVBER
OF COMPONENTS(Storm Cell') fromone STORM CELL to
the ot her STORM CELL, and deleting the other

STORM CELL.
END | F
END DO
IF (STORM CELLS were Merged)
THEN

COVPUTE ( MASS(Storm Cel 1))
COVPUTE ( X- POSI TI ON( St orm Cel 1))
COVPUTE (Y- POSI TI ON( St orm Cel 1))
COVPUTE ( BASE( Storm Cel 1))
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5.

6.

0

0

COWUTE (TOP(Storm Cel l'))
END I F
COWUTE (RANGE(Storm Cel 1))
COWUTE (AZI MJTH(Storm Cel |'))
COWUTE (HEI GAT(Storm Cel 1))
COWUTE ( VERTI CALLY | NTEGRATED LI QUID(Storm Cel 1))
COWUTE ( DEPTH)
DO FOR ALL ( COVPONENTS(Storm Cel I')
COWUTE (maxi mum REFLECTI VI TY(Storm Cel 1))
COWUTE (HEI GAT maxi mum REFLECTI VI TY( St orm
Cell))
END DO
END DO
DO FOR ALL ( STORM CELLS)
DO VHI LE (STORM CELL is not del et ed)
DO FOR ALL (rermi ning STORM CELLs whi ch have not
been checked for deletion)
COWUTE ( CENTRA D DI STANCE DI FFERENCE)
IE (CENTRO D DI STANCE DI FFERENCE is | ess than
or equal to THRESHOLD (Horizontal Delete))
THEN
Decrenment the NUVBER OF STORM CELLS
Del ete the STORM CELL and its COVPONENTS
with the smallest VERTI CALLY | NTEGRATED

LI QUI D.
END | F

COWUTE ( DEPTH DI FFERENCE)
I'E ((CENTRO D DI STANCE DI FFERENCE i s | ess than
or equal to twice the THRESHOLD (Hori zontal Delete))
AND (DEPTH DI FFERENCE i s greater than THRESHOLD
(Depth Delete)))
THEN
Decrement the NUVBER OF STORM CELLS
Del ete the STORM CELL and its COVPONENTS
with the smal | est DEPTH
END I F
END DO
END DO
END DO
DO FOR ALL ( STORM CELLS)
Sort by VERTI CALLY | NTEGRATED LIQUID(Storm Cel l) -
if two STORM CELLs have equal VERTI CALLY | NTEGRATED
LIQUD(StormCell) then first select the STORM CELL with
the greater maxi mum REFLECTIVITY(Storm Cel |)
VWRI TE ( STORM CELLS)
VWRITE (X-POSITION(Storm Cel 1))
VWRITE (Y-POSITION(Storm Cel 1))
VWRI TE (BASE(Storm Cell))
WRITE (TOP(Storm Cel l))
VWRI TE (RANGE(Storm Cel 1))
VWRI TE (AZI MJUTH(Storm Cel |'))
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WRI TE (HEI GHT(Storm Cel 1))
WRI TE (VERTI CALLY | NTEGRATED LI QUID(Storm Cel 1))
WRI TE (rmaxi mum REFLECTIVI TY(Storm Cel 1))
WRI TE (HEI GHT maxi num REFLECTIVI TY(Storm Cel 1))
WRI TE (NUMBER OF COVPONENTS(Storm Cel 1))
DO FOR ALL ( COVPONENTS(Storm Cel I')
WRI TE ( COVPONENTS)
VWRI TE (rmaxi num REFLECTI VI TY FACTOR( Conponent))
VWRI TE ( HEI GHT( Conponent))
VRI TE ( ELEVATI ON( Conponent))
VRI TE ( X- POSI TI ON( Conponent ) )
VWRI TE (Y- POSI TI ON( Conponent ) )
VRI TE ( RANGE( Conrponent ) )
VWRI TE ( AZI MJUTH( Conponent))
END DO
END DO
WRI TE (NUMBER OF STORM CELLS)

END ALGORI THM ( STORM CELL CENTRQO DS)
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3.2 COWPUTATI ON

3.2.1 NOTATION

A

AC

ACbeg

ACend

AS

AZ_SEP

BASE

BW

CSAZ

CSRbeg

CSRend

DBZEChax

DBZESnax

The AREA(Conponent), the area of a COVPONENT, in knt.

The AZI MUTH( Conponent), the azimuth of the mass
wei ghted center of a COVPONENT, in degrees.

The begi nni ng AZI MJUTH( Conponent ), the nost
count ercl ockwi se extent of a COVPONENT, in degrees.

The endi ng AZI MUTH( Conponent ), the nost cl ockwi se
extent of a COVPONENT, in degrees.

The AZI MUTH(Storm Cell), the azinmuth of the centroid
(or mass weighted center) of a STORM CELL, in degrees.

The AZI MUTHAL SEPARATI ON, the angul ar difference
bet ween a CELL SEGQVENT assigned to a Potenti al
Conmponent and an unassi gned CELL SEGVENT, in degrees.

The BASE(Storm Cell), the HEI GHT of the | owest
COVWPONENT in a STORM CELL, in km

The BEAM W DTH, the angul ar di stance between hal f -
power points on either side of the center of the radar
beam (1.0), in degrees.

The AZI MUTH( Segnent) of a CELL SEGQVENT assigned to a
Potential Conponent, in degrees.

The begi nni ng RANGE( Segnent) of a CELL SEGQVENT
assigned to a Potential Conponent, in km

The endi ng RANGE( Segnment) of a CELL SEGMVENT assi gned
to a Potential Conponent, in km

The maxi mum REFLECTI VI TY FACTOR( Conponent), the
maxi mumreflectivity factor in a COVONENT, in dBZe.

The maxi mum REFLECTI VITY FACTOR( Segnent), the maxi num
(average) reflectivity factor in a segnent assigned to
a COVPONENT, in dBZe.

The DEPTH DI FFERENCE, the magni tude of the difference

in the depths of two STORM CELLs from TOP to BASE, in
km

STORM CELL CENT. [037/01] - 12



DD_C

DD_SC

DELAZavg

ED

EL

H Zmax

HD

HSC

The COVPONENT DI STANCE DI FFERENCE, the hori zont al
di stance between the nmass wei ghted centers of two
COVPONENTSs, in km

The CENTRO D DI STANCE DI FFERENCE, the hori zont al
di stance between the centroids (or nass wei ghted
centers) of two STORM CELLs, in km

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

The DEPTH, the difference in height from TOP to BASE
of a STORM CELL, in km

The ELEVATI ON DI FFERENCE, the difference in ELEVATI ON
angl e between the top of one STORM CELL and the base
of anot her STORM CELL, in degrees.

The el evation angle of an ELEVATI ON scan, in degrees.

The HEI GHT nmaxi mum REFLECTI VI TY(Storm Cel 1), the

hei ght above ground (of the nass wei ghted center) of
t he maxi mum maxi mum REFLECTI VI TY FACTOR( Conponent) in
the STORM CELL, in km

The HElI GHT( Conponent), the hei ght above ground (of the
mass wei ghted center) of a COVPONENT, in km

The HEI GHT DI FFERENCE, the difference in hei ght
bet ween the TOP of one STORM CELL and the BASE of
anot her STORM CELL, in km

The HEIGHT(Storm Cel 1), the hei ght above ground of a
centroid (or the nmass weighted center) of a STORM
CELL, in km

An index for the ELEVATION scans in a vol une scan.

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

An index for CELL SEGVENTS within a COMWPONENT; for
each COVPONENT this index goes from1l to the NUMBER OF
SEGVENTS( Conponent ) .

An i ndex for COWONENTs; for each STORM CELL the index
goes from1l to the NUMBER OF COVPONENTS(Storm Cel I').
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3

MALS

M5V

NSC

Pl

RCbeg

RCend

f

RS

RSbeg

An index for STORM CELLs.

The MASS( Conponent), the mass weighted area of a
COVPONENT, in gi gagrans/km

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 wei ghted | ength squared of a SEGQVENT, in
kg/ km

The MASS(Storm Cell), the mass wei ghted vol ume of a
STORM CELL, in gigagrans.

The NUMBER OF SEGQVENTS( Component), the number of CELL
SEGMVENTS assi gned to each COVPONENT.

The NUMBER OF COVPONENTS(Storm Cell), the nunber of
COVPONENTs assigned to each STORM CELL.

A mat hemati cal constant (3.1416), unitless.

An index for COVPONENTs at any previous (or higher)
THRESHOLD (Refl ectivity).

The RANGE( Component), the slant range of the nass
wei ghted center of a COVPONENT, in km

The begi nni ng RANGE( Conponent), the (flat earth
projected) range of the closest part of a COVPONENT
(to the radar), in km

The endi ng RANGE( Conponent), the slant range of the
farthest part of a COVMPONENT (fromthe radar), in km

The radius of the Earth (6371), in km

The SEGQVENT RANGE OVERLAP, the slant range overlap of
two CELL SEGVENTs, in km

The RANGE(Storm Cell), the (flat earth projected)
range of the centroid (or nmass wei ghted center) of a
STORM CELL, in km

The begi nni ng RANGE( Segnent), the RANGE(Slant) to the

front (closest to the radar) of the first sanple
vol une of a CELL SEGMENT, in km
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RSend

SAZ

SVL

TOP

VI L

XC

XSC

YC

YSC

Zmax

The endi ng RANGE( Segnment), the RANGE(Slant) to the
back of the |ast sanple volune of a CELL SEGVENT, in
km

An i ndex for COVWPONENTs of the sane THRESHOLD
(Reflectivity).

The AZI MUTH( Segnent), the azinuth of an unassi gned
CELL SEGMVENT, in degrees.

The RANGE SAMPLE SPACING the length (in slant range)
of a SAVPLE VOLUME, in km

The TOP(Storm Cell), the HEI GHT of the highest
COVWPONENT in a STORM CELL, in km

The VERTI CALLY | NTEGRATED LIQUID(Storm Cell), the VIL
of a STORM CELL as defined by its COVPONENTS' naximum
REFLECTI VI TY FACTORs, in kg/nt.

The X- PCSI TI ON( Conponent), the (flat earth projected)
x-coordi nate of the mass weighted center of a
COVPONENT, in km

The X-POSITION(Storm Cell), the (flat earth projected)
x-coordi nate of the centroid (or mass wei ghted center)
of a STORM CELL, in km

The Y- PGOSI TI ON( Conponent), the (flat earth projected)
y-coordi nate of the mass weighted center of a
COVPONENT, in km

The Y-POSITION(Storm Cell), the (flat earth projected)
y-coordi nate of the centroid (or nmass wei ghted center)
of a STORM CELL, in km

The maxi mum REFLECTIVITY(Storm Cell), the maxi mum

maxi mum REFLECTI VI TY FACTOR ( Conponent) of the
COWONENTs in a STORM CELL, in km
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3.2.2 SYMBOLI C FORMULAS

COWUTE ( SEGQVENT RANGE OVERLAP)

I F (RSbeg > CSRbeg)

THEN
R1 = RSbeg
ELSE
R1 = CSRbeg
END | F
IF (RSend < CSRend)
THEN
R2 = RSend
ELSE
R2 = CSRend
END | F
RO=R - Rl

COWUTE ( AZI MUTHAL SEPARATI ON)

AZ_SEP = ABS(SAZ - CSAZ),

if AZ SEP > 180, then AZ _SEP = 360 - AZ_SEP

where ABS is the absol ute val ue function

COVPUTE ( NUMBER OF SEGVENTS( Conponent ))

NS, = NS, + 1

if k is a new COWONENT, NS, = 1

COWPUTE ( AREA( Comnponent ) )

Ac = Z[ PI[(RSend;)? - (RSbegj)z]*DELAZavgi/36O]

J

COWPUTE ( begi nni ng RANGE( Conponent ))

RCbegy = RSbeg; if RSbeg; < RCbegy

STORM CELL CENT.
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COWPUTE (endi ng RANGE( Conponent ) )

RCendy = RSend; if RSend; > RCend

COWPUTE ( begi nni ng AZI MUTH( Conponent ) )

ACbegy = SAZ; if SAZ < ACbeg

If the component crosses zero degrees, ACbeg, is the azimuth of the nost

count er-cl ockwi se segment.

COWPUTE (endi ng AZI MJUTH( Conponent ) )

ACend, = SAZ if SAZ > ACend,

If the component crosses zero degrees, ACend, is the azimuth of the nost

cl ockwi se segment.

COWPUTE ( maxi mum REFLECTI VI TY FACTOR( Conponent))

DBZECmax, = DBZESmax; if DBZESmax; > DBZECmax

COWPUTE ( MASS( Comnrponent ) )

MG, = [ Z(M/\Lj)(SVL)(DELAZavgi)(PIIISO)] / 108
i

COVPUTE ( X- POSI TI ON( Conponent ))

XCo = [ ZSI N(CSAZJ)(M/\LSJ-)(SVL)(DELAZavgi)O(B(EL)(PI/180)] / MG,
j

where SIN and COS are the sine and cosine functions
COWPUTE (Y- PCsSI TI ON( Conponent))

YG = [ Zcm(CSAZJ)(M/\LSJ-)(SVL)(DELAZavgi)O(B(EL)(PI/180)] / MG
j

where COS is cosine function

STORM CELL CENT. [037/01]
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COWPUTE ( RANGE( Conponent ) )

RC = (XC + YC?)*

COWPUTE ( AZI MUTH( Conrponent ))
AC = ATAN2( XC, YC) (180/ PI)
where ATAN2 is the arctangent function

if AC< 0, AC = AC + 360

COWPUTE ( HEI GHT( Conponent ) )
HG = SIN(EL,) (RC) + RC/(2(IR(RE))

where SINis the sine function

COWPUTE ( COVPONENT OVERLAP)

IF ((AC, > ACbeg,) and (AC, < ACend,) and
(RG > RCbeg,) and (RGC, < RCend,))
THEN
COVPONENT OVERLAP is true
ELSE I F (ACbeg, > ACend,;)(i.e. COVPONENT crosses zero degrees)

THEN
IE ((AG, > ACbeg,) or (AGC, < ACend,) and
(RG > RCbeg,) and (RGC, < RCend,))
THEN
COVPONENT OVERLAP is true
END | F
END | F

where r is an index for COVPONENTs at the current THRESHOLD (Reflectivity) and
s is an index for COMPONENTs at any previous (or higher)

THRESHOLD( Ref | ecti vity)

COVWPUTE ( COVPONENT DI STANCE DI FFERENCE)

DD C=[(XG - XG .12+ (YG - YG ,)2*

COVPUTE ( NUMBER OF COVPONENTS( St orm Cel 1))
NSG, = NSG, + 1

if mis a new STORM CELL, then NSC, = 2
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COVPUTE ( MASS( St orm Cel 1))
VBV, = Z(NQ)(M)
K

where DCH is defined as

1E (k =1)
THEN

ELSE

END | F
ELSE IF (k = NSC)

(HG .. + HG)/2
ABS(HG . 1 - HG)

DCH, = ABS(HC, - HC.. 1)

ELSE

DCH< :ABS((HCK+1'

END | F

HG . 1)/2)

COVPUTE ( X- POSI TI ON( St orm Cel 1))

XSG, = [ Z(XQ)(NQ)(M)] / NBV,,
k

where DCH i s defined above

COVPUTE (Y- POSI TI ON( St orm Cel 1))

YSG, = [ Z(YQ)(NQ)(M)] / NBV,,
k

where DCH i s defined above

COVPUTE ( BASE( St orm Cel 1))

BASE, = HC,

where 1 is the index of the first (or |owest) COVPONENT
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COWPUTE (TOP(Storm Cel l))

TOP,, = HC,

where k is the index of the last (or highest) COVPONENT

If COVMPONENT k is fromthe highest elevation angle in the volune scan, | abel
TOP as unknown.

COVPUTE ( CENTRA D DI STANCE DI FFERENCE)

DD SC = [ (XSG, - XSGn.1)2 + (YSG, - YSG,. 1) 3"

COWPUTE ( ELEVATI ON DI FFERENCE)

E (ELml > ELn,k)
THEN
ED = EL,. - EL,
ELSE
ED = EL,, - Ely
END | F

where mand n are indices of STORM CELLs, k is the index of the highest
COVPONENT in a STORM CELL, and the first (or |owest) COVPONENT is COVPONENT 1
COWUTE ( HEI GHT DI FFERENCE)

LE (BASE, > TOR,)

THEN
HD

BASE, - TOP,
ELSE

HD = BASE, - TOP,

END | F

where mand n are indices of STORM CELLs

COVPUTE ( RANGE( St orm Cel | ))

RS = (XSG + YSC?)*
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COWUTE (AZI MUTH(Storm Cel 1))
AS = ATAN2( XSC, YSC) (180/ PI)
where ATAN2 is the arctangent function

if AS < 0, AS = AS + 360
COVPUTE ( HEI GHT( St orm Cel | ))

wsc, = [ Y e ey oo ] rnev,
k

where DCH i s defined above

COVPUTE ( VERTI CALLY | NTEGRATED LI QUI D(Storm Cel |))
VIL, = Z[(LW)(DBK)
K

where DB is defined as

IF (EL, is lowest in the vol ume scan)
THEN
DB

(RG)[TAN((EL, + EL,,4)/2)] +
- (RG)Y[2(1R) (RE) (COS((EL, + EL,.1)/2)?
ELSE IF (EL, is highest in the vol une scan)

DB = (RG)[ TAN(EL, + BW2) - TAN(EL,.,)]/2

ELSE
DB

(RG) [ TANCEL, 1) - TANCEL(. 1)]/2
END I F

where TAN is the tangent function,
and LWis defined as
LW = (0.00344) (LZE) (47
where LZE is defined as
LZ = DBZECTax
I F (DBZEChex, > 56)
THEN
LZ = 56

END | F
LZE = 10(t#10)

STORM CELL CENT. [037/01] - 21



COVPUTE ( DEPTH)

DP = TOP - BASE

COVPUTE ( maxi num REFLECTI VI TY( St or m Cel 1))

Zmax = DBZECnmax, i f DBZECnmax, > Zmax

COVPUTE (HEI GHT maxi mum REFLECTI VI TY( St or m Cel 1))

H Zmax = HG, when Zmax = DBZECmax, at the hi ghest COVPONENT

COVPUTE ( DEPTH DI FFERENCE)
DD = ABS[DP, - DP,]

where ABS is the absolute val ue function
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4.0 CQUTPUTS
4.1 | DENTI FI CATI ON

The output of this algorithmis STORM CELLs, their attributes, their
COVMPONENTs, their COVPONENTS' attributes, and the NUMBER OF STORM CELLs.
For each STORM CELL, the algorithmoutputs the following attributes: X
PCSI TI ON, Y-PCSI TION, BASE, TOP, RANGE, AZI MJTH, HEl GHT, VERTI CALLY

| NTEGRATED LI QUI D, maxi mum REFLECTI VI TY, HEI GHT maxi mum REFLECTI VI TY,
and NUMBER OF COVPONENTS. For each COVPONENT the al gorithmoutputs the
following attributes: rmaxi nrum REFLECTI VI TY FACTOR, HEI GHT, ELEVATI ON,
X-POSI TI ON, Y-POsSI TION, RANGE, and AZI MJTH

4.2 DI STRI BUTI ON
The outputs of this algorithmare inputs to the HAIL CORE ALCFT [ @5],

STORM CELL TRACKI NG [ @388], and STORM PCSI TI ON FORECAST [ &Z8B] ( Ver si on 26)
algorithms. |In addition, the outputs may be formatted for display.
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5.0

| NFERENCES
5.1 LIM TATI ONS

At long ranges, only the | owest elevation scans of a volune scan will
contai n conmponents. For exanple, at 120 nmi, the bottom of radar beam
at 0.5 degree is already above 10 kft (AG.). Conponents must be found
on at |east two consecutive elevation scans to be considered a storm
cell. Stormcells at |ong ranges may not have enough vertical extent to
be detected at even two el evation scans, and, therefore, will not be
identified.

If the STORM CELL SEQVENTS [@36] al gorithmis contamnmi nated with non-
nmet eorol ogi cal targets (e.g. anomal ous propagation or clutter), this may
lead to falsely identified stormcells or parts of stormcells.

Rarely problens may arise in the vertical correlation process which wll
lead to inproper identification of cells and/or conmputation of their
attributes. Wen several cells are clustered closely together, the

al gorithm may conbi ne separate conponents on an el evation scan into one
component. Also, the algorithmmay either falsely split a cell into two
or nore cells or conmbine a group of cells into one cell

The cell nmerging and del eti on processes attenpts to decrease the
cluttered nature of cells. But deletion and nmerging of cells may
decrease the performance of downstream al gorithnms using cell and
conponent dat a.

Alternatively (as studied and devel oped by NSSL), this algorithmuses
the Severe Hail Index (SH') fromthe HAIL CORE ALOFT [@B5] al gorithm
(instead of Cell-based VIL) to sort cells and in the cell deletion
process (whi ch reduces crowdi ng).
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5.2 FUTURE DEVELOPMENTS

Adapt abl e parameter studies should be done to optim ze performance for
di fferent nmeteorol ogical conditions and geographical |ocations. The
ultimate goal is to optimze the algorithmfor each climatol ogica
regi on and each stormtype.

A techni que has been devel oped to allow cells at |ong ranges to be
defined fromonly one conponent. Currently a cell nust be conposed of
at least two conponents on adjacent elevation scans. The intent of this
requirenent is to filter shall ow areas of significant reflectivity which
may be ground clutter or caused by anonmal ous propagation. This

techni que applies the prem se that conponents at |long ranges are fairly
high in altitude; have significant vertical (beam depth; and,

therefore, are nost likely are stormcells.

A major addition to the algorithmw ||l be a predictive capability which
will forecast the change in intensity of stormcells. 1In order to
acconplish this, a mechani smnust be devel oped to automatically provide
out si de sources of data (other than radar), e.g. satellite, sounding,
and nodel data, in a tinmely manner to the algorithm
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