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1.

PROLOGUE
1.1 FUNCTI ONAL DESCRI PTI ON

The purpose of the STORM POSI TI ON FORECAST algorithmis to predict the future
centroid | ocations of storms (or stormcells) based on a history of the their
novenent. The first volunme scan a stormis detected, it is considered ‘new,
and no prediction of novenent is made. After the first volume scan a stormis
detected, it is considered a ‘continuing storm, and a forecast novenment is
conput ed based on a |linear |east squares extrapol ation of the storm s previous
positions. The linear |east squares fits are for both X-position versus tine
and Y-position versus tinme. This process is continued for each consecutive
vol une scan that a stormis tracked.

Forecast positions are conputed in equal time steps for each continuing storm
The nunber of forecast positions conputed for a storm depends on the scal ed
forecast error and a perm ssible error. The scaled forecast error is the
accuracy of the forecast fromthe previous volume scan for the storm or
forecast error, scaled by the ratio of a user specified error interval over
the tine between volunme scans. The permissible error is a user specified

al l owabl e error scaled by the error interval over the length (in tinme) of the
forecast. Basically, the poorer a forecast was for a cell for the past vol une
scan, the fewer the nunber of forecast positions. Each volume scan a vector-
average stormnotion is conmputed fromall the continuing storns, and this
average stormnotion is assigned to any new storns.

1.2 SQURCE

The STORM PCSI TI ON FORECAST al gorithm has been i npl emented by Air Force
personnel at the Air Force CGeophysics Laboratory (AFG) in Sudbury,
Massachusetts. Version 27 is based on the StormCell Identification and
Tracking (SCIT) algorithminplenmented by the National Severe Storns Laboratory
(NSSL) in Norman, Gkl ahoma.
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1.3 PROCESSI NG ENVI RONVENT

The STORM PCSI TI ON FORECAST al gorithmis the final step in the storm
identification and novenent prediction process. It utilizes information
out put by the STORM CELL TRACKI NG [ B8] and the STORM CELL CENTRO DS [ @7]
algorithnms. Therefore, it cannot be applied until the conpletion of that
anal ysis, which requires a conplete volune scan of data.

The SCI T al gorithm was devel oped and tested on NSSL's Radar Anal ysis and

Di splay Software (RADS) on a 32 bit UN X based SUN Wirkstation which ingests
live (w deband) or archived (Level I1) radial data froma WSR-88D.
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I NPUTS

2.1 | DENTI FI CATI ON

ALLOMBLE ERROR

CORRELATI ON ( Tabl e)

DEFAULT SPEED

DEFAULT DI RECTI ON

ERROR | NTERVAL

FORECAST | NTERVAL

STORM CELLs

X- POSI TI ON( St or m
Cell)

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

TI ME ( Scan)

The maxi mum acceptable error in the track of a
STORM CELL al | owed for the m ni num f or ecast
interval, in km (20).

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

A user-supplied speed at which stormcells are
expected to nove, in kmhr

A user-supplied direction fromwhich stormcells
are expected to nove, in degrees.

The armount of tine upon which the ALLOMBLE ERROR
was based, in hours (0.25).

A set of time intervals for which STORM CELL
positions may be projected into the future, in
hours (0. 25).

A three-di nensi onal regi on conposed of conponents
characterized by reflectivity val ues above a given
threshold (or set of threshol ds).

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

The beginning tine of a volume scan, in hours.
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2.2 ACQUI SI TI ON

CORRELATI ON (Table) is acquired fromthe STORM CELL TRACKI NG [ @8] al gorithm

ALLOMBLE ERRORs, ERROR | NTERVAL, THRESHOLD (m ni num SPEED), FORECAST
| NTERVALs, DEFAULT SPEED, and DEFAULT DI RECTI ON are adapt abl e paraneters.

STORM CELLs and their X-POSITION(Storm Cell) and Y-POSITION(Storm Cell) are
obtained froma stormcell isolation algorithmsuch as the STORM CELL CENTRO D
[@B7] algorithm

TIME (Scan) is acquired by direct nmeasurenment from a Doppl er radar.
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3.0 PROCEDURE
3.1 ALGORI THM

BEG N ALGORI THM ( STORM PGCSI TI ON FORECAST)

(Set SPEED (Mean) equal to DEFAULT SPEED)
(Set DI RECTI ON (Mean) equal to DEFAULT DI RECTI ON)
COWUTE ( DEFAULT X- SPEED)
COWUTE ( DEFAULT Y- SPEED)
(Set AVERAGE X- SPEED equal to DEFAULT X- SPEED)
(Set AVERAGE Y- SPEED equal to DEFAULT Y- SPEED)
DO FOR ALL (STORM CELLs at current timne)
(ldentify the Number of (current and past) Storm Cell Positions)
I'E (Nunmber of Storm Cell Positions is greater than one)
THEN

NNNoukwhE
NFOOOOOOO

7.2.1 COWPUTE ( X- SPEED( St orm Cel 1))
7.2.2 COWPUTE (Y- SPEED(Storm Cel 1))
7.2.3 (Label Storm Cell as type Conti nuing)
7.2.4 (I'ncrement the Number of Continuing Storm Cells)
ELSE
7.2.5 (Label STORM CELL as type New)
END | F
END DO
8.0 DO FOR ALL (STORM CELLs at current timne)
8.1 I'F (STORM CELL type Conti nui ng)

THEN

8.1.1 COWUTE ( FORECAST ERROR)
8.1.2 COWUTE (nmean FORECAST ERROR)
8.1.3 WRI TE ( FORECAST ERROR)
8.1.4 WRI TE (mean FORECAST ERROR)
8.1.5 COWUTE (scal ed FORECAST ERROR)
8.1.6 DO FOR ALL (FORECAST | NTERVALS)
8.1.6.1 COWUTE ( PERM SSI BLE ERROR)
8.1.6.2 IF (scal ed FORECAST ERROR i s I ess than
PERM SSI BLE ERROR for this particul ar FORECAST
| NTERVAL)
THEN
8.1.6.2.1 COWUTE (forecasted X-POSITION(Storm Cel 1))
8.1.6.2.2 COWPUTE (forecasted Y-POSITION(Storm Cel 1))
END | F
8.1.6.3 WRITE (forecasted X-POSITION(Storm Cel 1))
8.1.6.4 WRITE (forecasted Y-POSITION(Storm Cel 1))
END DO
END | F
END DO
9.0 I'E (Nunmber (STORM CELL type Continuing) greater than or equal to one)
THEN
9.1 DO FOR ALL (STORM CELLS at current timne)
9.1.1 I'F (STORM CELL type Conti nui ng)
THEN
9.1.1.1 COWPUTE (SPEED(Storm Cel 1))
9.1.1.2 COWPUTE (DI RECTI ON(Storm Cel 1))
END | F
END DO
9.2 COWUTE ( AVERAGE X- SPEED)
9.3 COWUTE ( AVERAGE Y- SPEED)
9.4 COWPUTE ( SPEED ( Mean))
9.5 COWPUTE (DI RECTI ON ( Mean))
END | F
10.0 DO FOR ALL (STORM CELLS at current timne)
10.1 IE (STORM CELL type New)
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THEN

10.1.1 ( Set
10.1.2 ( Set
10.1.3 ( Set
10.1. 4 ( Set
END | F
10. 2
10. 3
10. 4
10.5

END DO

AVERAGE X- SPEED to (Storm Cell))
AVERAGE Y- SPEED to (Storm Cell))
SPEED (MEAN) to (Storm Cell))

DI RECTION (MEAN) to (Storm Cell))

WRI TE ( SPEED(Storm Cel 1))
VRl TE (DI RECTI ON( St or m Cel |
WRI TE (X- SPEED( St orm Cel 1))
WRI TE (Y- SPEED( St orm Cel 1))

))

END ALGORI THM ( STORM PCOSI TI ON FORECAST)
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.2

COVPUTATI ON

3.2.1 NOTATION

AER

Dl Rdef

El

FE

FEmean

FEsca

Fl

PE

SPDdef

ALLOMBLE ERROR, the maximumerror in the track of a STORM CELL
al l oned during the ERROR | NTERVAL, in km Precise to 104 km

DEFAULT DI RECTI ON, the operator-supplied default DI RECTI ON
(Storm Cell) from which STORM CELLS are noving in degrees.
Precise to .05 degrees.

DI RECTI ON (Mean), the vector average DIRECTION(Storm Cell) from
whi ch STORM CELLs are noving, in radians. Precise to 1032
radi ans.

DI RECTI ON ( Radar Coordi nates), the operator-supplied direction
towar ds whi ch STORM CELLS are noving in radians.

DI RECTION(Storm Cel 1), direction fromwhich a STORM CELL is
noving, in radians. Precise to 102 radi ans.

ERROR | NTERVAL, the ampunt of time upon which the ALLOMBLE
ERROR was based, in hours. Precise to 1/3600 hr.

FORECAST ERROR, the departure of the current STORM CELL
position fromthe position forecasted for that STORM CELL at
the previous tinme, in km Precise to 10* km

mean FORECAST ERROR, the average FORECAST ERROR of a STORM CELL
(refers to a single STORM CELL over its entire life-tine), in
km Precise to 104 km

scal ed FORECAST ERROR, the departure of the current STORM CELL
position fromthe position forecasted for the STORM CELL at the
previous time adjusted by the ratio of the ERROR I NTERVAL to
the time between volunes, in km Precise to 104 km

FORECAST | NTERVAL, a set of tinme intervals for which storm
cell positions may be projected into the future, in hours.
Precise to 1/3600 hr.

The Nunber of Continuing StormCells in the Correlation Table
(for the current volune scan).

The Nunber of (current and past) Storm Cell Positions (in the
Correlation Table) for a stormcell.

PERM SSI BLE ERROR, the maximumerror allowed in the forecast of
a STORM CELL for each forecast interval, in km Precise to 10*
km

DEFAULT SPEED, the operator-supplied default SPEED(Storm Cell)

at which STORM CELLS are noving in kmihr. Precise to .36
kni hr.
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SPM

SS

TS

TSavg

TScur

XC

XCavg

XCcur

XCf or

XCpr e

XS

XSavg

XSpr e

YC

YCavg

YCcur

YCf or

SPEED (Mean), the vector average SPEED(Storm Cell) which STORM
CELLs are moving, in kmhr. Precise to .36 kmhr.

SPEED( Storm Cel I'), speed of a STORM CELL, in knmhr. Precise to
.36 kni hr.

TIME (Scan), the beginning tinme of a volume scan, in hours.
Precise to 1/3600 hr.

average TIME (Scan), the average of all TIMES (Scan) in
forecast period, in hrs. Precise to 1/3600 hr.

current TIME (Scan), the current scan tine, in hours. Precise
to 1/3600 hr.

X-POSI TION(Storm Cel 1), the x-coordinate of the centroid (or
center of mass wei ghted volune) of a STORM CELL, in km
Precise to 10% km

average X-POSITION(Storm Cel ), the average STORM CELL position
in the X-direction, in km Precise to 104 km

current X-POSITION(Storm Cell), the current STORM CELL position
in the X-direction, in km Precise to 104 km

forecasted X-POSITION(Storm Cell), the forecasted STORM CELL
position in the X-direction, in km Precise to 10* km

previous X-POSI TIONN(Storm Cell), the previous STORM CELL
position in the X-direction, in km Precise to 104 km

X-SPEED (Storm Cell), the speed of a STORM CELL in the
X-direction, in knmihr. Precise to .36 kmhr.

AVERGE X- SPEED, the vector average nmotion in the X-direction
of all the STORM CELLs in the Correlation Table, in knihr.
Precise to .36 km hr.

previous X-SPEED (Storm Cell), the previous speed of a STORM
CELL in the X-direction, in kmhr. Precise to .36 knihr.

Y-POSI TION(Storm Cel 1), the y-coordinate of the centroid (or
center of mass wei ghted volune) of a STORM CELL, in km
Precise to 10% km

average Y-POSI TION(Storm Cel I'), average STORM CELL position in
the Y-direction, in km Precise to 104 km

current Y-POSITION(Storm Cell), the current STORM CELL
position in the Y-direction, in km Precise to 10* km

forecasted Y-POSITION(Storm Cell), forecasted STORM CELL
position in the Y-direction, in km Precise to 10* km
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YCpr e

YS

YSavg

YSpr e

Not e:

Not e:

previous Y-POSI TION(Storm Cell), the previous STORM CELL
position in the Y-direction, in km Precise to 104 km

Y-SPEED( Storm Cel I'), the speed of a STORMin the Y-direction,
in kmihr. Precise to .36 kmhr.

AVERGE Y- SPEED, the vector average notion in the Y-direction
of all the STORM CELLs in the Correlation Table, in knihr.
Precise to .36 km hr.

previous Y-SPEED(Storm Cell), the previous speed of a STORMin
the Y-direction, in kmhr. Precise to .36 kmhr.

Precision is to the units specified unless otherw se stated.

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

3.2.2 SYMBOLI C FORMULAS

COWUTE ( DEFAULT X- SPEED)

XSdef = (SPDdef) sin(DRC)

wher e

DRC = (DI Rdef - 180°) (B/180°)

COWUTE ( DEFAULT Y- SPEED)

YSdef = (SPDdef) cos(DRC)

wher e

DRC = (DI Rdef - 180°) (B/180°)

COVPUTE ( X- SPEED( St or m Cel 1))

XS = [ E (XG - XCavg) (TS, - TSavg)]/[ E (TS, - TSavg)?]
n n

where n is the nunber of entries in the Correlation Table for a
particul ar stormcell.

COVPUTE (Y- SPEED( St or m Cel 1))

YS= [ E
n

(YG, - YCavg) (TS, - TSavg)]/[ E (TS, - TSavg)?

n

where n is the nunber of entries in the Correlation Table for a
particul ar stormcell.
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COWUTE ( FORECAST ERROR)

FE = [(XE - XCcur)? + (YE - YCcur)?]©0?
wher e;
XE = (XSpre)(TScur - TSpre) + XCpre

YE

COWUTE (nmean FORECAST ERROR)

FEmean = E FE/n
n

Not e: n under the summation refers to a single stormcell

entire life-tine.

COWUTE ( Scal ed FORECAST ERROR)

FEsca = (FE) (El)/(TScur - TSpre)

COWUTE ( PERM SSI BLE ERROR)

PE = (AER[(EI)/(FI)]

(YSpre)(TScur - TSpre) + YCpre

COWUTE (forecasted X-POSITION(Storm Cel 1) )

XCfor = XCcur + (XS)(FI)

COWUTE (forecasted Y-POSITION(Storm Cel 1) )

YCfor = YCcur + (YS)(FI)

COVPUTE ( SPEED( St orm Cel | ))

SS = (X + YOS

COVPUTE (DI RECTI ON( St orm Cel 1))

DS = tan'}(XS/YS) + B
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COWUTE ( AVERAGE X- SPEED)

XSavg = (E XS)/i
i

where i is the nunber of continuing stormcells in the Correlation Table

COWUTE ( AVERAGE Y- SPEED)

YSavg = (E YS)/i
i

where i is the nunber of continuing stormcells in the Correlation Table

COVPUTE ( SPEED ( Mean))

SPM = ((XSavg)? + (YSavg)?)©%53

COVPUTE ( DI RECTI ON ( Mean))

DW = (tan!( XSavg/ YSavg)) + B
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4.0 CQUTPUTS
4.1 | DENTI FI CATI ON

Every vol une scan, for each stormcell, the foll owi ng val ues are output:

DI RECTION(Storm Cel 1), SPEED(Storm Cell), X-SPEED(Storm Cell), Y-SPEED(Storm
Cell), forecasted X-POSI TIONs(Storm Cell), forecasted Y-POSI TIONs(Storm Cel I'),
FORECAST ERROR, and nean FORECAST ERROR. In addition, each volunme scan, the
SPEED (Mean) and DI RECTI ON (Mean) (the vector average speed and direction of
all continuing STORM CELLs in the Correl ati on Tabl e) are out put.

4.2 DI STRI BUTI ON

Al of the outputs fromthis algorithmcan be used by product generation

al gorithms which will output information concerning expected storm cell
nmovenment. Additionally, X-SPEED(Storm Cell), X-DIRECTION(Storm Cell), Y-
SPEED(Storm Cel I'), and Y-DI RECTION(Storm Cell) are intended for input to the
STORM CELL TRACKI NG [ @38] al gorithm and Weak Echo Regi on and Storm Rel ative
Vel ocity (Map and Region) products. SPEED (Mean) and DI RECTI ON (Mean) are
al so out put once per volune scan to the Wak Echo Region and Storm Rel ative
Vel ocity products.
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| NFERENCES
5.1 LI M TATI ONS

This al gorithm averages actual changes in cell nmovenment and erratic novenent
due to centroid shifting which occurs in sone stormcells. The forecast track
is always a straight Iine. Because several volunme scans are used for the
forecast, a sudden shift in a centroid location will be danped out until the
new track becones established. The accuracy of the forecasted novenent
provided by this algorithmis limted by the accuracy of the tracking
algorithm For exanple, if the STORM CELL TRACKI NG [ @38] al gorithm

i naccurately matches stormcells between vol unme scans, then the forecasted
novenent of those cells will also be inaccurate.
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