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PROLOGUE
1.1 FUNCTI ONAL DESCRI PTI ON

The MESOCYCLONE DETECTI ON al gorithmutilizes pattern
recognition techniques to detect nesocyclones. This technique
defines a process used for searching through Doppler velocity
data for symmetric regions of |arge azinuthal shear. The
MESOCYCLONE DETECTION algorithmis based on the extraction of
significant attributes which characterize nmesocycl ones.

The MESOCYCLONE DETECTI ON al gorithm | ocates nesocycl ones where
a mesocyclone is defined as a three-dinensional region in a
stormwhich rotates (usually cyclonically), and is closely
correlated wwth severe weather. This algorithmuses the
systematic procedure described herein. The first stepis to
search for a consistent increase of Doppler velocity Iin the
azinmuthal direction at a constant range (for clockw se antenna
rotation). A consistent decrease of Doppler velocity is
required for counterclockw se antenna rotation. (Note: The
current AEL is witten for clockw se antenna rotation only
otherwise a "pattern vector"” would be fornmed when a run of

i ncreasi ng or decreasing Doppler velocity ends.) A "pattern
vector" contains seven conponents: the slant range, the
azinmuth angles at both ends of the run, the Doppler velocities
that correspond to those azinuth angles at the slant range,
and the SHEAR (Tangential) and MOMENTUM (Angular). A pattern
vector whi ch does not have the magnitudes of angul ar noment um
and azi nmut hal shear typical of nesocyclones is discarded. The
remai ning pattern vectors are consolidated to form"features."
A "feature" is a set of pattern vectors in a close proximty.

If a feature is too small it is discarded. |If a feature is

sufficiently large and not symetrical, it is classified as a
shear region. Sufficiently large, symetric shear regions are
characteristic of mesocyclones. |If these regions are in close

vertical proximty, a mesocyclone is identified. Shear
regions in close vertical proximty identify 3-D shear
regions. The remaining features characterize uncorrel ated
shear.

1.2 SOURCE

The MESOCCYCLONE DETECTI ON al gorithm was devel oped at the
Nat i onal Severe Storns Laboratory, Norman, Okl ahoma, by Larry
Henni ngton. Significant attributes of mesocycl ones have been
conpi |l ed by Henni ngton and Burgess (1981), referenced bel ow

REFERENCES
Staff of JDOP, 1979: Final Report on Joint Doppler

Qperational Project (JDOP) 1976-1978. NOAA Tech. Menb. NSSL-
86, March 1979, 84 pp.
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recognition of mesocycl ones from single Doppl er radar data.
Preprints 20th Conf. Radar Meteor. Boston, Aner. Meteor.
Soc., 704-706.

Zrnic', Dusan S., D.W Burgess and Y. @Gl -Chen, 1984:
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1.3 PROCESSI NG ENVI RONVENT

Data input to the MESOCYCLONE DETECTI ON al gorithm nust be
preprocessed for velocity unfolding and elimnation of ground
clutter. At any tinme, Doppler velocities for two consecutive
radials of data are stored for processing.
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2.0

| NPUTS

2.1 | DENTI FI CATI ON
AZlI MUTH

ELEVATI ON

RADI US (Earth)

RANCE (Sl ant)

SAMPLE VOLUME

THRESHOLD

(Feat ure Height)

THRESHOLD (Hi gh
Moment um

THRESHOLD (Radi al
Di st ance)

THRESHOLD ( Meso-
cycl one- H gh Shear)

THRESHOLD (Low
Moment um

THRESHOLD ( Meso-
cycl one- Low Shear)

THRESHOLD ( Meso-
cycl one Azi nut h)

THRESHOLD (Pattern
Vect or)

THRESHOLD ( Far
Maxi mum Rat i 0)

Azi mut hal position, in radians.

El evation angle, in radians.
The radius of the Earth (6371), in
kil ometers.

The slant range to the center of a
SAMPLE VOLUME, in kiloneters

A data sanpl e vol une whose di nensi ons
are 1 degree in azimuth, 0.25 kmin
range, and 1 degree in depth
(perpendicular to the radar bean)

A val ue that represents the maxi num
hei ght of possi bl e nesocycl one
FEATUREs (8), in kiloneters.

A val ue which represents the m ni mum
magni t ude of angul ar nmonment um expect ed
in a nesocyclone in the presence of
| ow shear (540.0), in kn¥/ hr.

A val ue which represents the maxi mum
di stance in the radial direction

bet ween PATTERN VECTORs within the
same FEATURE (0.75), in kiloneters.

A val ue which represents the m ni mum
magni tude of shear expected in a
mesocycl one in the presence of |ow
angul ar nmonentum (14.4), in 1/ hr.

A val ue which represents the m ni mum
magni t ude of angular nmonmentumin a
nesocycl one (180.0), in kn¥ hr.

A val ue which represents the m ni mum
magni tude of shear expected in a
mesocyclone (7.2), in 1/ hr.

A val ue that represents the maxi num
tangenti al separation of PATTERN
VECTORs to be considered part of the
same FEATURE (0.034), in radians.

A val ue which represents the m ni mum
nunmber of PATTERN VECTORs required to
build a FEATURE (10.0).

A maxi mum val ue whi ch represents the
upper bound of a range of val ues
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THRESHOLD ( Far
M ni rum Rati 0)

THRESHOLD ( Maxi mum
Rat i 0)

THRESHOLD (M ni mum
Rat i 0)

THRESHOLD ( Range)

VELOCI TY ( Doppl er)

related to the ratio of radial and
azi mut hal di ameters of a FEATURE at
ranges further than THRESHOLD ( Range)
(4.0).

A m ni mum val ue whi ch represents the
| ower bound of a range of val ues
related to the ratio of radial and
azi nut hal di aneters of a FEATURE at
rangﬁs further than THRESHOLD ( Range)
(1.6).

A maxi mum val ue whi ch represents the
upper bound of a range of val ues
related to the ratio of radial and
azi nut hal di aneters of a FEATURE at
Eang?s cl oser than THRESHOLD ( Range)
2.0).

A m ni mum val ue whi ch represents the
| ower bound of a range of val ues
related to the ratio of radial and
azi nut hal di aneters of a FEATURE at
Eang?s cl oser than THRESHOLD ( Range)
0.5).

A variable that represents the range
at which long range symmetry criteria
take effect, in kilonmeters (140.0 km.

Doppl er velocities in a SAMPLE VOLUME,
in knl hr.
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2.2 ACQU SITION

AZlI MUTH and ELEVATI ON are obtai ned by direct neasurenent of
t he radar antenna pointing direction.

VELOCI TY (Doppler) is acquired by direct radar measurenents.
RADI US (Earth) is a physical constant.

SAMPLE VOLUME is a direct result of the radar paraneters
chosen at the tinme of observation. The sanple volunes wll
still be variable dependi ng on range of observation because
the radar beamis diverging.

RANCE (Slant) is acquired by direct radar neasurenents.

All the thresholds identified in Section 2.1 are site-

adapt abl e paraneters used by the algorithm They are entered
by the operator/user as input paraneters or are enbedded as
tables in the algorithminplenentation. They are being
determ ned by the research community through further
experi nment ati on.
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3.0 PROCEDURE
3.1 ALGORI THM
BEG N ALEORI THM ( MESOCYCLONE DETECTI ON)

1.0 DO FOR ALL (ELEVATI ONS)
1.1 DO FOR ALL (SAMPLE VOLUMEs of the first two
adj acent
radi al s.)
1.1.1 COWUTE ( TENDENCY)
END DO

1.2 DO FOR ALL (remai ni ng AZI MJTHs)
1.2.1 DO FOR ALL ( SAMPLE VOLUMES)

COVPUTE ( TENDENCY)

I F (TENDENCY at the previous AZIMJTH i s
| ess than or equal to zero AND TENDENCY
at the current AZIMJTH is greater than
zero)

THEN (the VELOCITY (Doppler) at the previous

AZI MJUTH becones begi nning VELOCI TY

( Doppl er))
END | F

ILF (TENDENCY at the previous AZI MJTH and
this RANGE (Slant) is greater than zero
AND TENDENCY at the current AZI MJTH at

this RANGE (Slant) is |less than zero)

THEN (the VELOCITY (Doppler) at the previous

AZI MJUTH becones endi ng VELOCI TY
(Doppler))
COMPUTE ( MOMENTUM ( Angul ar))
COMPUTE ( SHEAR ( Tangenti al ))
IE (MOVENTUM (Angul ar) is greater

t han
t he THRESHOLD (Low Monent um
AND
SHEAR (Tangential) is greater
t han or

equal to the THRESHOLD
(Mesocycl one-

H gh Shear)) or

( MOVENTUM ( Angul ar)

is greater

t han the THRESHOLD (Hi gh

Moment um) AND SHEAR ( Tangenti al )
IS
greater than the THRESHOLD
(Mesocycl one- Low Shear))
THEN
VWRI TE ( PATTERN VECTOR)
END | F
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1.3 DO FOR ALL (PATTERN VECTORS)
1.3.1 | F (PATTERN VECTOR centers are within

THRESHOLD ( Mesocycl one Azi nuth) AND are

Wi Lhi;\ THRESHOLD (Radi al Di stance) of each

ot her

THEN (I nclude PATTERN VECTORs as a part of
t he sane FEATURE)
(Add) PATTERN VECTOR to PATTERN VECTOR
Li st

1.4 DO FOR ALL (FEATURES)
1.4.1 |E (The nunmber of PATTERN VECTORs in a FEATURE
is greater than or equal to THRESHOLD
(Pattern Vector))

THEN
COVWPUTE ( FEATURE CENTER POSI Tl ON)
COWPUTE (DI AMETER ( Azi mut hal ))
COMPUTE (DI AMETER ( Monment um Azi nmut hal ))
COMPUTE ( RATI O (Monentum Di aneter))
COWPUTE (DI AMETER ( Radi al ))
COMPUTE (RATI O (Di aneter))
IE (RATI O (Monentum Di aneter) is greater
t han THRESHOLD (M ni num Rati o) AND
| ess than THRESHOLD ( Maxi num Rati o))
THEN ( FEATURE characterizes a
mesocycl one)
ELSE | F (RANGE (Slant) is greater
than or equal to THRESHOLD
(Range)
AND RATI O (Di aneter) is
greater than THRESHOLD ( Far
M ni mum Rati o) AND | ess than
THRESHOLD (Far Maxi num Rati 0))
THEN ( FEATURE characterizes a
mesocycl one)
END | F

END | F
COWUTE (average SHEAR (Tangential))
COMPUTE (HEI GHT (Feature Center))
COVWPUTE ( maxi mum SHEAR ( Tangenti al))
COWUTE (2-D FEATURE TYPE)
COVWUTE (average MOVENTUM ( Angul ar))
COVWUTE ( FEATURE EXTREMA)
END | F
END DO
END DO
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2.0 DO FOR ALL (ELEVATI ONs) FROM ( Second) TO (Highest)
2.1 DO FOR ALL (FEATUREs at the current elevation angle
whose HEI GHT (Feature Center) is |less than or

equal to THRESHOLD (Feature Height))
2.1.1 DO FOR ALL (FEATUREs at the first previous

el evation angl e whose HElI GAT (Feature Center)
is less than or equal to THRESHOLD (Feature

Hei ght))
UNTI L (a DI FFERENCE (Between Feature Centers)
is less than or equal to MAXI MUM FEATURE
DI STANCE)
COVMPUTE ( DI FFERENCE ( Bet ween Feature
Centers))
COVPUTE ( MAXI MUM FEATURE DI STANCE)
I F (D FFERENCE (Between Feature Centers)
is less than or equal to MAXI MUM
FEATURE DI STANCE)
THEN (Il dentify the FEATUREs as
bel onging to the sane vortex)
END | F
END DO

2.1.2 1FE (NO D FFERENCE (Between Feature Centers) of
the first previous elevation was |ess than
or equal to MAXI MUM FEATURE DI STANCE and

this is not the second el evati on angl e)
THEN

2.1.2.1 DO FOR ALL (FEATUREs at the next

previ ous el evation angl e whose HEI GHT
(Feature Center) is less than or equal
to THRESHOLD (Feature Height))
UNTI L (a DI FFERENCE (Between Feature
Centers) is less than or equal to
MAXI MUM FEATURE DI STANCE)
COVMPUTE ( DI FFERENCE ( Bet ween Feature

Centers))
COVPUTE ( MAXI MUM FEATURE DI STANCE)

I E (D FFERENCE (Between Feature
Centers) is less than or equal to

MAXI MUM FEATURE DI STANCE)
THEN (Il dentify the FEATUREs as
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bel onging to the sane vortex)

END | F
END DO
END DO

3.0 DO FOR ALL (ELEVATI ONs)

4.0

5.0

3.1 DO FOR ALL (FEATUREs at the current elevation angle
whose HEI GHT (Feature Center) is |ess than
or equal to THRESHOLD (Feature Height))

I F (FEATURE has not been identified as belonging to a
vort ex)
THEN (1 dentify FEATURE as bel onging to a vortex)
END | F
END DO
END DO

DO FOR ALL (identified vortices)
IE (Vortex has nore than one FEATURE)

THEN I F (Two or nore FEATUREs characterize a
mesocycl one)
THEN ( VORTEX TYPE i s nmesocycl one)
ELSE (VORTEX TYPE is 3-D shear)

END | F
ELSE (VORTEX TYPE is uncorrel ated shear)

| dentify FEATURE wi th maxi num average SHEAR ( Tangenti al)
LE ( CRTEX TYPE i s a nmesocycl one)
THEN

CCNPUTE (POSI TI ON ( Mesocycl one))
VRI TE (POSI TI ON ( Mesocycl one))
ELSE
WRI TE ( FEATURE CENTER PQCSI Tl ON)
END | F
WRI TE (DI AMETER (Azi nut hal ))
WRI TE (maxi mum average SHEAR (Tangential))
WRI TE (DI AMETER (Radi al ))
WRI TE (average MOMENTUM ( Angul ar))
END DO

DO FOR ALL (nesocycl one VORTEX TYPES)

Assi gn MESOCCYCLONE | D

5.1 WRITE (MESCCYCLONE | D)

5.2 DO FOR ALL (FEATURES)

2.1 ldentify the FEATURE with the highest maxi num
SHEAR ( Tangenti al )

. 2.2 COWUTE (PCSI TI ON MAXI MUM SHEAR ( Tangenti al))
2.3 ldentify the FEATURE with the | owest HEl GAT
(Feature Center); i.e., HEIGHT (Feature
Center) is the nesocycl one base.

ao o

MESOCYCLONE DETECTI ON [002/34] - 9



5.2.4 ldentify the FEATURE with the highest HEI GHT
(Feature Center); i.e., HEIGHT (Feature
Center) is the nmesocycl one top

WRI TE ( hi ghest HEI GHT (Feature Center))
WRI TE (average SPEED (Rotational))
WRI TE (average SHEAR (Tangential))

END DO

END ALGORI THM ( MESOCCYCLONE DETECTI ON)

5.2.5 COWPUTE (average SPEED (Rotational))
5.2.6 COWPUTE ( FEATURE EXTREMA)
END DO
5.3 WRITE (POsI TI ON MAXI MUM SHEAR (Tangenti al))
5.4 WRI TE ( hi ghest val ue of maxi num SHEAR ( Tangenti al ))
5.5 WRI TE (| owest HElI GAT (Feature Center))
5.6
5.7
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3.2 COVPUTATI ON
NOTATI ON

3.2.1
TCY

VD

AZIM N

AZl MAX

Pl #
MFD

PVE

FEX

FEA

TENDENCY, the trend in Doppler velocities
(increasing (+), decreasing (-)) in the azinuthal
di rection.

VELOCI TY (Doppler), the Doppler velocities in a
SAMPLE VOLUME, in kmhr. Precise to .36 knihr.

| NDEX (Azimuth), the index for AZlI MJTH

AZI MUTH MNIMUM the small est azinmuth found within
a FEATURE i n radi ans. Precise to 1.75 x 10
radi ans.

AZI MUTH MAXI MUM the |argest azinmuth found within a
FEATURE, in radians. Precise to 1.75 x 103
radi ans.

A mat hemati cal constant (3.1416), unitless.

MAXI MUM FEATURE DI STANCE, a val ue representing the
hori zontal distance (formed by projecting one
FEATURE di aneter into the other's plane) limting
vertical correlation of two FEATURES at consecutive
el evation angles, in kiloneters. Precise to 104
km

PATTERN VECTOR, a vector which is fornmed when a run
of increasing Doppler velocity ends. A PATTERN
VECTOR contai ns seven conponents: the slant range,
the azimuth angles at both ends of the run, the
Doppl er velocities that correspond to those azinmuth
angl es at the slant range, and the SHEAR
(Tangential) and MOMENTUM (Angul ar) .

FEATURE EXTREMA, a set of four paraneters
(begi nni ng RANGE (Sl ant - Feature), endi ng RANGE

(Sl ant - Feature), beginning feature AZI MUTH and
endi ng feature AZI MJUTH). These are the maxi num and
m ni mum AZI MJTHs of its PATTERN VECTOR LI ST, and

t he maxi mum and m ni nrum ranges fromthe PATTERN
VECTOR LI ST.

FEATURE, a set of PATTERN VECTORs whi ch have passed
spatial proximty.
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PVL

TDFT

SRT

SRTmax

SRTavg

SRTmaxavg

VDend

VDbeg

RS

PATTERN VECTOR LI ST, the set of all PATTERN VECTCRs
in a FEATURE

2-D FEATURE TYPE, assigns an unique value to
indicate that a 2-D FEATURE characteri zes a
MESOCYCLONE and another if it does not.

MOVENTUM ( Angul ar), angul ar nonmentum in kn¥ hr.
Precise to 3.6 x 10% km hr

average MOVENTUM ( Angul ar), average

MOMENTUM ( Angul ar) determ ned fromthe PATTERN
VECTORs conprising a FEATURE, in knt/hr. Precise
to 3.6 x 10°° kni hr.

SHEAR (Tangential), the change in Doppler velocity
for a PATTERN VECTOR divided by its length, in
1/ hr. Precise to 3600 1/ hr.

maxi mum SHEAR ( Tangential ), the maxi mum
SHEAR (Tangential) of all the PATTERN VECTORs in a
FEATURE, 1/hr. Precise to 3600 1/hr.

average SHEAR (Tangential), the average

SHEAR (Tangential) determ ned fromthe PATTERN
VECTORs conprising of a FEATURE, in 1/hr. Precise
to 3600 1/ hr.

maxi mum aver age SHEAR (Tangential), the | argest of
all the average SHEAR (Tangentials), in 1/hr.
Precise to 3600 1/ hr.

endi ng VELOCI TY (Doppler), the Doppler velocity at
t he ER? of a PATTERN VECTOR, in kmhr. Precise to
. 36 hr .

begi nni ng VELOCI TY (Doppl er), the Doppler velocity at
t he begLR?Lng of a PATTERN VECTOR, in kmlhr. Precise
to .36 r.

RANCE (Slant), the slant range to the center of a
SAMPLE VOLUME, in kiloneters. Precise to 10°* km
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AZendpv

AZbegpv

FCP

DAA

MVESI D

HFCl ow

HFChi gh

DAR

RMVD

HFC

endi ng pattern vector AZI MJTH, endi ng azi nut hal
position of a PATTERN VECTOR, in radians. Precise
to 1.75 x 102 radi ans.

begi nning pattern vector AZI MJTH, endi ng azi nut hal
position of a PATTERN VECTOR, in radians. Precise
to 1.75 x 102 radi ans.

FEATURE CENTER POSI TI ON, the FEATURE center
position in range, elevation and azi nuth.

| NDEX (El evation), the index for ELEVATI ON

Dl AMETER ( Azi nut hal ), azinuthal dianeter of a
FEATURE, in kil oneters. Precise to 10* km

MESOCYCLONE I D, an I D assigned to a nesocycl one
when the MESOCYCLONE Al gorithmidentifies a
mesocycl one.

| onest HEI GHT (Feature Center), the | owest
ELEVATI ON

of a FEATURE center (nesocyclone base),

in

kilonmeters. Precise to 10“ kiloneters

hi ghest HElI GHT (Feature Center), the highest
ELEVATI ON of a FEATURE center (nmesocyclone top), in
kilonmeters. Precise to 10“ kiloneters

DI AMETER ( Monment um Azi nut hal ), the nonmentum
wei ght ed azi nut hal dianmeter of a FEATURE, in
kilometers. Precise to 10% km

DI AMETER (Radi al ), radial dianeter of a FEATURE, in
kilonmeters. Precise to 104 km

RATI O (Di aneter), the ratio of the azi nmuthal
dianeter to the radial dianeter of a FEATURE

RATI O (Monmentum Di aneter), the ratio of the
nmorment um wei ght ed azi mut hal dianeter to the radi al
di aneter of a FEATURE

HEl GHT (Feature Center), the ELEVATI ON of a FEATURE
center, in kilometers. Precise to 10* km
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PHI # = ELEVATION, elevation angle, in radians. Precise to
1.75 x 103 radi ans.

RE = RADIUS (Earth), radius of the Earth (6371), in
kilonmeters. Precise to 104 km

RSFEbeg = Begi nni ng RANCE (Sl ant - Feature), the beginning
sl ant range of a FEATURE, in kilometers. Precise
to 104 km

RSPV = RANGE (Sl ant Pattern Vector), the RANGE (Sl ant) of

a
PATTERN VECTOR, in kiloneters. Precise to 104 km

RSFEcen = Center RANCE (Sl ant-Feature), the slant range of a
FEATURE center, in kiloneters. Precise to 10* km

RSFEend = Endi ng RANGE (Sl ant - Feature), the ending sl ant
range of a FEATURE, in kiloneters. Precise to
104 km

D F = DI FFERENCE (Between Feature Centers), the

hori zontal di stance bet ween FEATURE CENTER
POSI TI ONs (at adj acent el evation angles), in
kilonmeters. Precise to 104 km

VTY = VORTEX TYPE, designates whether vortices conposed
of one or nore FEATURES represent a nesocycl one,
3-D shear, or uncorrel ated shear, unitless.

YFCP = Y-POSI TION (Feature Center), Y-position of the
FEATURE CENTER after conversion from polar to
Cartesian coordinates, in kilometers. Precise to
10°* kil onet ers.

XFCP = X-POSITION (Feature Center), X-position of the
FEATURE CENTER after conversion from polar to
Cartesian coordinates, in kilonmeters. Precise to
10°* kil onet ers.

PM = POSI TI ON ( Mesocycl one), the nmesocycl one position

using Cartesian coordinates, in kiloneters.
Precise to 10°* kil oneters.
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SPRavg

AZcenf e

PMST

NOTE:

average SPEED (Rotational), half the nonmentum
wei ghted di aneter of a FEATURE tines the average
SHEAR (Tangential), in kmhr. Precise to .36

km hr.

AZI MJTH (Center Feature), the center azimuth of a
2-

di mensi onal FEATURE, nonentum wei ghted, in

radi ans.

Precise to 1.75 x 103 radi ans.

PCOSI TI ON MAXI MUM SHEAR (Tangenti al ), the RANGE
(Slant), beginning pattern vector AZI MJTH and
endi ng pattern vector AZI MJTH where the nmaxi mum
SHEAR (Tangential) is found in a feature classified
as a nesocycl one vortex, in kiloneters, radians and
radi ans. Precise to 10% kiloneters, 1.75 x 103
radi ans.

Precision is equivalent to the units unless
ot herw se stat ed.
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3.2.2 SYMBOLI C FORMULAS
COVPUTE ( TENDENCY)

TCY = Sign of VDJ. - VDj_l, or 0

COVWPUTE ( MOVENTUM (Angul ar))

M = ABS [(VDend - VDbeg) (RS) (AZend - AZbeg)]
COMPUTE ( SHEAR ( Tangenti al ))

SRT = ABS [(VDend - VDbeg) / (RS) (AZendpv - AZbegpv)]
COMPUTE (average ( MOVENTUM ( Angul ar))

[ (vDend - VDbeg,) (RSPV) (AZend, - AZbeg,) ]

n

Mavg = JABS
n

COMPUTE ( FEATURE CENTER POSI TI ON)
FCP, (AZcenf e, RSFEcen)
wher e,

AZcenfe = Z[ [AZbegpv, + (DAZ/2) ] (VM) , / VM,
n n

where, DAZ = ABS (AZbegpv, - AZendpv,)
and VM, = ABS [ (DAZ ) (VDendpv, - VDbegpv,) ]

NOTE: Corrections for crossing 360°

or countercl ockw se
rotation are not accounted for here.

RSFEcen = [ XiABS [VDend, - VDbeg,) (AZendpv, - AZbegpv,) (RSPV 111/

n

[ XABS [VDend, - VDbeg,) (AZendpv, - AZbegpv,) ] ']
n

and n is the PATTERN VECTOR nunber.
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COVPUTE (DI AVETER ( Azi nut hal ))

DAA = [ X{[ (AZendpv, - AZbegpv,)* ]} (RSFEcen) ] /

[ X{ABS (AZendpv, - AZbegpv,) | (w/4) ]

n

and n is the PATTERN VECTOR nunber.
COMPUTE (DI AMETER ( Monment um Azi nut hal ))

DVA = (3w8) [ X{ABS [ (AZendpv, - AZbegpv,)?
(VDend, - VDbeg,) ]} (RSFEcen) ]/ [ X{ABS [ (VDend, -

VDbeg,) (AZendpv, - AZbegpv,) ] ]

where n is the PATTERN VECTOR nunber .
COVPUTE (DI AVETER ( Radi al ))

DAR = RSFEend - RSFEbeg

COMPUTE (RATI O (Di aneter))

RCD = DAA/ DAR

COMPUTE ( RATI O (Monentum Di aneter))
RVD = DV DAR

COMPUTE (HEI GHT (Feature Center))

HFC = {RSFEcen? + 2 [ (4/3) (RE) (RSFEcen) (sin (¢)) 1}/ {2 (4/3) RE }
COMPUTE ( maxi mum SHEAR ( Tangenti al ))
SRTmax = SRT if SRT > SRTmax

wher e;
SRT = ABS [ (VDend - VDbeg) / [ (RS) (AZendpv - AZbegpv) ] ]
COMPUTE (average SHEAR (Tangential))

YABS [ (VDend, - VDbeg,) (RSPV,) (AZendpv, - AZbegpv,) ]

n n

where n is the PATTERN VECTOR nunber.

SRTavg =
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COVWPUTE (DI FFERENCE (Bet ween Feature Centers))
DIF = {[XFCP, - XFCP, ,]* + [YFCP, - YFCP, ,J* M2

wher e,

XFCP = RSFEcen[sin(AZcenfe)] [cos(¢)]

YFCP

RSFEcen[cos(AZcenfe) ] [cos(d)]
COMPUTE ( MAXI MUM FEATURE DI STANCE)

MFD = {[ (DAA, + DAR) /2] + [ (DAA_, + DAR._)) /2] }/2

where i is the current elevation angle of the vertical
correl ation.

COVPUTE PGCSI TI ON ( Mesocycl one)

The X-POSI TI ON (Feature Center) and Y-POSI TION (Feature Center)
of the FEATURE with the maxi mum average SHEAR (Tangenti al).

COMPUTE ( POSI TI ON MAXI MUM SHEAR ( Tangenti al ))

This includes the RANGE (Sl ant), beginning pattern vector

AZlI MUTH and endi ng pattern vector AZI MJTH of the pattern vector
cont ai ni ng the maxi num SHEAR (Tangenti al ).

COMPUTE (average SPEED (Rotational))

SPRavg = SRTavg (DWA/ 2)

COWUTE (2-D Feature Type)

Assign an unique value to indicate that a 2-D FEATURE
characterizes a nesocyclone and another if it does not.

COWPUTE ( FEATURE EXTREMA)

A set of four paraneters. Determ ne the maxi nrum and m ni num
AZI MJTHs in the PATTERN VECTOR LI ST, and the maxi num and

m ni mum ranges in the PATTERN VECTOR LI ST.

Not e: These nay bel ong to separate PATTERN VECTCRs.
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4.0

QUTPUTS
4.1 | DENTI FI CATI ON

For each vortex found by this algorithm the follow ng are
out put t ed:

- VORTEX TYPE
- nunber of FEATURES in vortex

For the FEATURE with the maxi num average SHEAR (Tangential), the

foll ow ng are outputted:

- FEATURE CENTER POsI TI ON
- HEl GAT (Feature Center)

- DI AVETER (Azi nut hal )
- DI AVETER (Radi al )

- maxi mum aver age SHEAR (Tangenti al )
- maxi mum SHEAR ( Tangenti al )
- average MOVENTUM ( Angul ar)

For each vortex classified as a MESOCYCLONE | D, these
addi ti onal val ues are outputted:

hi ghest HEI GHT (Feature Center)

| owest HEI GHT (Feature Center)

POSI TI ON ( Mesocycl one)

average SPEED (Rotati onal)

FEATURE EXTREMA for each FEATURE in MESOCYCLONE | D
average SHEAR (Tangenti al)

hi ghest val ue of maxi num SHEAR ( Tangenti al)

4.2 DI STRI BUTI ON

Qut put fromthe MESOCYCLONE DETECTI ON al gorithm can be used as
i nput to a nmesocycl one tracking algorithmand a nmesocycl one
forecast algorithm The output can al so be used for severe
weat her warni ng procedures. FEATURE EXTREMA, FEATURE and
MESOCYCLONE | D are input to the TVS (026) al gorithm
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5.0

| NFERENCES
5.1 LIMTATIONS

The MESOCYCLONE DETECTI ON al gorithm does not consi der neso-
anticyclones. Before a FEATURE can be classified as a
mesocycl one, time continuity nust be established. The
successful detection of nmesocycl ones by the MESOCYCLONE
DETECTI ON al gorithm depends upon the sel ection of optinmum high
and | ow shear thresholds and hi gh and | ow nonment um t hr eshol ds,
and upon the distance threshold for vertical correlation.

Al so, bad data can artificially end a pattern vector

5.2 FUTURE DEVELOPMENTS

The MESOCYCLONE DETECTI ON al gorithm remai ns under devel opnent.
Opti mum hi gh and | ow nonentum t hreshol ds, hi gh and | ow shear
threshol ds, as well as nore refined range dependent symmetry
criteria, will be determined. The results of algorithmtesting
may affect the val ues assigned to other constants.
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