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1.0 PROLOGUE
1.1 FUNCTI ONAL DESCRI PTI ON

The STORM CELL TRACKI NG al gorithm nmonitors the nmovenent of stormcells by

mat ching stornms found in the current volune scan to the stormcells fromthe
previ ous volune scan in tinme and space, through the use of a correlation
table. The stormcells are matched as follows. Starting with the nost
intense cell (i.e. largest cell-based VIL value ) in the current vol ume scan,
the centroid position is conpared to the projected centroid positions of cells
fromthe previous volune scan. A cell’s projected centroid positionis it’'s
forecasted position for the current volune scan. The cell fromthe previous
vol ume scan which is correlated is the cell with a projected centroid | ocated

wi thin an adapt abl e range which is closest to the current cell. \Wen a cell
is correlated, it is considered the sane cell and assigned the sane storm cell
ID. Then the next nobst intense cell in the current volume scan is conpared to

all uncorrelated cells in the previous volune scan, and so on until all cells
in the current volume scan are processed. Once a cell fromthe previous
vol ume scan is correlated, it is not conpared to any nore cells in the current

vol ume scan. If no projected centroid positions are within the adaptable
range of a cell’s centroid position, the cell remains uncorrelated and is
assigned a new stormcell ID. If nore than a specified amunt of tinme has

passed between subsequent volume scans, then no matching is done, and all
stormcells in the current volume scan are considered new. The centroid
positions used are in a Cartesian coordinate systemw th the radar at the
origin, and where the X-axis denotes east-west directions and the Y-axis
denotes north-south directions.

1.2 SCQURCE

This al gorithm has been inplenented as part of the Storm Cell Identification
and Tracking (SCIT) algorithm by the National Severe Storns Laboratory (NSSL)
i n Norman, klahoma (Johnson, 1994). The other parts of the SCIT algorithm
are docunented in the STORM CELL SEGVENTS [@B6], STORM CELL CENTRO DS [ @B7],
and the STORM POCSI TI ON FORECAST [ @8] al gorithm descriptions. The tracking
portion of the SCIT was adapted fromthe STORM TRACKI NG [ @Z4] al gorithm

i npl enented by Air Force personnel at the Air Force Geophysics Laboratory
(AFGA) in Sudbury, Massachusetts.
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1.3 PROCESSI NG ENVI RONVENT

The STORM CELL TRACKI NG al gorithmis run each volune scan as part of a storm
cell movenent prediction process. This algorithmneeds data froma stormcell
identification process giving locations of identified stormcells over a known
period of tinme. An algorithmfor such a process is described in the STORM
CELL CENTRAO DS [@37] al gorithm description. To conplete the prediction
process, the STORM POSI TI ON FORECAST [ @8] al gorithm nust be used.

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 Tracking al gorithmwas devel oped for use on the \Wat her

Survei |l l ance Radar - 1988 Doppler (WSR-88D). The SCIT al gorithm was devel oped
and tested on NSSL's Radar Anal ysis and Di splay Software (RADS) on a 32 bit
UNI X based SUN Workstation which ingests |live (w deband) or archived (Level

I1) radial data froma WSR- 88D.
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2.0

I NPUTS

2.1 | DENTI FI CATI ON

CORRELATI ON ( Speed)
CORRELATI ON ( Tabl e)
DI RECTI ON

(Storm Cel I')

I D

SPEED (Storm Cel |)

STORM CELL

TI ME (Maxi mum)

TI ME ( Scan)

X- POSI TI ON( St or m
Cel 1)

Y- POSI TI ON( St or m
Cel l)

2.2 ACQU SITI ON

CORRELATI ON ( Speed)

i's a constant

Speed used to conmpute the CORRELATI ON
(Di stance), in kn hr.

A data set used to keep track of the positions of
correl ated STORM CELLS.

The direction fromwhich a STORM CELL is
noving, in degrees. Precise to 10* deg.

A unique |abel froma circular list assigned to a
STORM CELL throughout it's existence.
Precise to 10°*

Speed of a STORM CELL, in km hr.

kml hr.

A three-di nensional regi on conposed of COVPONENTS
characterized by reflectivity val ues above a given
t hreshol d, ordered by cell-based VIL .

The maxi mum al | owed TI ME BETWEEN VOLUME scans (20),
in mnutes. Storm Correlation between the current
and previous volune scans is not performed if the

scan separation exceeds this val ue.

The beginning tine of a volume scan, in hours.
Precise to 1/3600 hr.

X-coordi nate of the centroid (or center of mass
wei ghted vol une) of a STORM CELL, in km Precise
to 104 km

Y-coordi nate of the centroid (or center of mass

wei ghted vol une) of a STORM CELL, in km Precise
to 104 km
based on enpirical and theoretical studies

of storm novenents and is an adaptabl e threshol d.

CORRELATI ON ( Tabl e)

is an internal

of correl ated STORM CELLs.

IDs are a set of unique |abels froman internal

Ti me (Scan)

is acquired by neans of direct

table used to keep track of the positions

circular |ist.

nmeasur enents conducted at the

begi nni ng of volune scans of the radar.

Ti me ( Maxi mum

i s an adaptabl e threshol d.
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STORM CELLs, X-POSITION(Storm Cell), and Y-POSITION(Storm Cell) are acquired
after the STORM CELLs are isolated based on reflectivity data obtained by a
weat her radar. The details of isolating storns are descri bed under a separate
al gorithm description called STORM CELL CENTRO DS [ @87] .

SPEED (Storm Cell) and DIRECTION (Storm Cell) are acquired from STORM POSI Tl ON
FORECAST [ @8] from past volunme scans. |If a STORM CELL is continuing, i.e
it has been tracked for two or nore volunme scans, STORM PCSI TI ON FORECAST
conputes a uni que speed and direction for that STORM CELL. Oherwi se, if the
STORM CELL was identified as "new', STORM PCSI TI ON FORECAST gi ves that STORM
CELL a vector-averaged speed and direction computed fromthe other continuing
STORM CELLS. In the event there are no continuing STORM CELLS, the STORM
PCSI TI ON FORECAST al gorithm gi ves new STORM CELLs an operator-supplied default
speed and direction.
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PROCEDURE

3.1 ALGCRI THM

BEG N ALGORI THM ( STORM CELL TRACKI NG

NN

COWPUTE (TIME (Scan) difference)
I'E (TIME (Scan) difference greater than TIME (Maxi munj)
THEN
SET the nunber of STORM CELLs at the previous tine
to zero
END I F
COWPUTE ( CORRELATI ON ( Di stance))
DO FOR ALL (STORM CELLs at the previous tine)
COWPUTE ( BEST X- Positi on)
COWPUTE ( BEST Y- Position)
END DO
DO FOR ALL (STORM CELLs at the current tine)
DO FOR ALL (STORM CELLs fromthe previous tine)

I'F (STORM CELL from previous tinme has not already been correl at ed)

THEN
COWPUTE (DI FFERENCE (Best Position))
I'F (DI FFERENCE (Best Position) is less than the
CORRELATI ON (Di stance))

THEN
I'F (Smal | est DI FFERENCE (Best Position))
THEN

Identify as same STORM CELL from
previous TIME i n CORRELATI O\( Tabl e)
Assign the sane ID

END | F

END | F
END | F
END DO

I'F (STORM CELL fromcurrent time is not correlated with a STORM CELL

from previous tine)
THEN
Assign ID fromthe top of the list of IDs
END I F
END DO
DOF(P ALL (STORM CELLS fromthe previous tine)
F (Not correlated with a STORM CELL from current tine)

THEN
Return ID to the bottomof the list of IDs
END | F
END DO
VRI TE ( CORRELATI ON ( Tabl e))
VWRI TE | Ds

END ALGORI THM ( STORM TRACKI NG)
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3.2 COWPUTATI ON

3.2.1 NOTATION

BPD =

BXP =

BXS =

BYP =

BYS =

DBP =

DR =

SPD =

TScur =

TSdi f =

TSpre =

XCcur =

DI FFERENCE (Best Position), the distance between the best
position and the current position of the STORM CELL, in
km Precise to 104 km

BEST X-POSI TIOQN, the projected X-position of a cell from
the previous volune scan, in km Precise to 104 km

BEST X- SPEED, the SPEED in the X-direction of a cell from
t he previous volune scan, in knihr. Precise to 104
knt hr.

BEST Y-POSI TION, the projected Y-position of a cell from
the previous volune scan, in km Precise to 104 km

BEST Y-SPEED, the SPEED in the Y-direction of a cell from
the previous volune scan, in km Precise to 10* knf hr.

CORRELATI ON (Di stance), the maxi num DI FFERENCE ( Best
Position) allowed to determne if a current STORM CELL is
the sane as a STORM CELL fromthe previous vol une scan,
in km Precise to 10* km

CORRELATI ON ( Speed), the speed used to conpute the
CORRELATI ON (Di stance), in kmihr. Precise to 10* knf hr.

DI RECTI ON (Best Position), the direction towards which a
STORM CELL is noving, in degrees. Precise to 10
degr ees.

DIRECTION (Storm Cell), the direction fromwhich a STORM
CELL is noving in degrees. Precise to 10* degrees.

SPEED (Storm Cell), the speed at which at STORM CELL is
noving in kmhr. Precise to 10* knt hr

TIME (Scan) current, the tinme of the current (or nost
recent) volune scan, in hours. Precise to 1/3600 hr.

TIME (Scan) difference, tinme difference between the
current and previous volune scans, in hours. Precise to
1/ 3600 hr.

TIME (Scan) previous, the time of the previous vol unme
scan, in hours. Precise to 1/3600 hr.

Current X-POSITION(Storm Cell), the X-coordinate (of the

centroid) of a STORM CELL fromthe current vol unme scan,
in km Precise to 10* km
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XCpr e

YCcur

YCpr e

Not e:

Not e:

Previous X-POSITION(Storm Cell), the X-coordinate (of the
centroid) of a STORM CELL fromthe previous vol une scan,
in km Precise to 10* km

Current Y-POSITION(Storm Cell), the Y-coordinate (of the
centroid) of a STORM CELL fromthe current vol unme scan,
in km Precise to 10* km

Previous Y-POSITION(Storm Cell), the Y-coordinate (of the
centroid) of a STORM CELL fromthe previous vol une scan,
in km Precise to 10* km

Precision is to the units unless otherw se specified.

The NOTATI ON SECTI ON was al phabetized as per Al gorithm Report
Docunent ati on Standards.
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3.2.2 SYMBOLI C FORMULAS

COWPUTE (TIME (Scan) difference)

TSdi f = (TScur - TSpre)

COVPUTE ( CORRELATI ON (Di st ance))

CD - (TSdif) (CS)

COWPUTE (BEST X- PCsI TI ON)
BXP = XCpre + (BXS) (TSdif)
where BXS is computed from SPEED (Storm Cell) and DI RECTION (Storm Cel |),
BXS = (SPD) sin (DBP)
wher e,
DBP = DIR - 180°

IF (DBP.LT.0), DBP =DBP + 360°

COVPUTE (BEST Y-PGCsSI TI ON)
BYP = YCpre + (BYS) (TSdif)
where BYS is computed from SPEED (Storm Cell) and DI RECTION (Storm Cel ),
BYS = (SPD) cos ( DBP)
wher e,
DBP = DIR - 180°

|F (DBP.LT.0) DBP = DBP + 360°

COWPUTE ( DI FFERENCE (Best Position))
BPD = [ (BPDX) (BPDX) + (BPDY) (BPDY)] 2
wher e,

BPDX = | XCcur - BXP |

and

BPDY - | YCcur - BYP|
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QUTPUTS
4.1 | DENTI FI CATI ON

The outputs of this algorithmare stormcell IDs and the CORRELATI ON (Table).
IDs are a set of unique labels froman internal circular list for STORM CELLs.
CORRELATION (Table) is a data set which allows the algorithmto track the sane
STORM CELL through a series of past volune scans. It consists of a list of

i ndi ces and stormcell positions.

For exanple, during the first volume scan, a STORM CELL is identified and is
given an index. During subsequent vol ume scans, other STORM CELLs are
identified and ranked by index. The CORRELATION (Table) is used to cross
reference these newly defined STORM CELLs with those tracked fromthe previous
vol ume scan. By continuing this process, the same STORM CELL can be tracked

t hrough up to 13 (adaptabl e) vol ume scans.

4.2 DI STRI BUTI ON
The output of this algorithmis for use by the STORM PCSI TI ON FORECAST [ &Z8]

algorithm In addition, the outputs may be conbined along with those fromthe
forecast algorithmand formatted for display.
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| NFERENCES
5.1 LIM TATI ONS

This algorithmperfornms best with isolated stormcells having consi stent
nmotions. Therefore, this algorithms effectiveness could be reduced by very
erratic stormnotion, rapid stormevolution, and splits or nergers especially
if stormcells are in close proximty. |If cells are noving quite differently
in different parts of the radar domain, tracking may be difficult, since new
cells are assigned the average stormnotion. Also, if cells quickly change
their notion, algorithmperformance will be reduced. Tracking will also be
difficult, if cells are devel oping, growi ng, or decaying rapidly. And cel
mergers and splits will reduce algorithmperformance. 1In addition, if the
TIME (Scan) difference is large, algorithmpreformance will be degraded

Al t hough al gorithmfailures due to these circunstances are unconmon, the
actual frequency of such an occurrence i s unknown.

The al gorithmtracks the nmovenent of individual cells; the algorithmwas not
designed to track lines or areas of storns.
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