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The Relationship between Satellite-derived Cloud Parameters
and Measured Maximum Wind Speed in the Typhoon Genesis Stage (I)
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Yoshiyuki Abe

Abstract

Satellite-derived cloud parameters of tropical cyclones in the western North-Pacific at
the genesis stage are compared with aircraft-measured maximum mean wind speeds (called
“MWS”) to describe their relationship, and to establish a method which can suggest the
possibility of typhoon genesis at least roughly 12 or 24 hours before.

Cloud parameters which express following features were developed from 766
geostationary satellite observations of 45 tropical cyclones (they are called “original
parameter’ ).

1) Regional Cb feature

Cumulonimbus activity in the vicinity of a tropical cyclone
2) Band/DO feature
Figure and temperature of curved cloud band or dense cloud overcast

Time operated parameters were produced from original parameters considering certain
“time lag” from 0 to 24 hours to MWS observation time, and “time variation” of
parameter values in certain time interval from 0 to 24 hours or “time mean’ of
parameter values in certain time period from 0 to 24 hours (they are called “operational
parameter” ).

The values of operational parameters were categorized into tropical depression and
tropical storm intensity category, and into Band pattern and DO pattern category, then
investigated the relationship with MWS's using regression and multiple regression analysis.

In the regional Cb feature, time variation values in the circumferential area of the cloud
system center with certain time lags have close correlation with MWS's for tropical
depressions (MWS< 35 knots), and time mean values in the central area with certain time
lags have close correlation with MWS's for tropical storms (MWS= 35 knots). In the
Band/DO feature, time variation values with certain time lags have close correlation with
MWS’s for both tropical depressions and tropical storms.

Using effective operational parameters, four trial “typhoon genesis equations” are
detected for two intensity and two pattern categories. Correlation coefficients between
calculated values by the equations and MWS’'s in 12 or 18 hours later are 0.604 as the
minimum and 0.802 as the maximum.

In future work, another parameters which express upper level divergence and vorticity
calculated by using cirrus drifting motion will be introduced. Then, final typhoon genesis
equations will be established.
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—=  Step-1

Preparation of the data set on measured maximum wind speed (MWS).

—— Step-2

Preparation of the data sets on imageries.

—— Step-3

Measurement of "Original parameters".

Original params. on
regional Cb feature

Original params. on
Band/D0 feature

:  Original params. on :
| upper char. feature |

— Step-4

Operational parameters on
regional Cb feature
(Band pattern and DO pattern)

Statistical analysis between MWS's and "Operational parameters"
which are derived from original parameters considering "Time lag",
"Time variation, and "Time mean".

Operational parameters on
: upper characteristic feature
:  (Band pattern and DO pattern)

Operational parameters on Band/DO feature

— Step-5

Predictive parameters on
regional Cb feature
(Band pattern and DO pattern)
(MWS< 35 knots and MWS=35 knots)

Trial production of "Predictive parameters" which have higher correlation
with MWS's in the operational parameters.

Predictive parameters on :

upper characteristic feature
: (Band pattern and DO pattern) :
i (MWS<35 knots and MWS=35 knots) :

Predictive parameters on
Band/DO feature
(MWS< 35 knots and MWS=35 knots)

—— Step-6

Trial production of "Typhoon genesis equations" which have the highest
correlation with MWS's, by combination of predictive parameters.
Typhoon genesis equations
. (Band pattern and DO pattern)

i (MWS<35 knots and MWS=35 knots)

Fig.1 General processing flow. Dotted line boxes show ongoing processes.
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1. Imageries ; Data set within 256 pixelsX 256 lines (one grid size is about 5km)
in Mercator projection, and in 6 hourly time interval.

2. Elements ; Characteristics on deep convection in the vicinity of a tropical
cyclone.

Following "Cb occupation rate" for each 14 regions
(9 regions in 167km radius area)
(5 regions in 250km radius area)

(1) ( Grid count with Tss<—60°C / Total grid count ) X 100
(2) ( Grid count with Tes<—70°C / Total grid count ) X 100

= "Original parameters" on regional Cb feature
"167km radius area" "250km radius area"
«———— 256 pixels ———> ¢« 256 pixels ——>

S

Inner radius=166.7km Inner radius==250.0km
Middle radius=333.3km
Outer radius=500.0km Outer radius=500.0km

CSC ; Cloud System Center

Fig.2 Original parameters on regional Cb feature (Step-3).
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1. Imageries ; Data set within 256 pixelsX256 lines (one grid size is about 5km)

2. Elements

(a)
(b)
(c)
(d)
(e)

(f)

(g)
(h)
(1)
(J3)

(k)
(1)

“e we we we we

~s we we we

in Mercator projection, and in 6 hourly time interval.

; Characteristics on deep convection and circulation intensity in the
vieinity of a tropical cyclone.

Distance from CSC position to Band's head position (km)
Direction from CSC position to Band's head position (degree)

CSC location against Band area ("In/Edge" or "Out")
Length of Band's fitted logarithmic spiral arc (km)
Circumference degree of Band's fitted logarithmic spiral arc

against the spiral focus position (degree)

Crossing angle of Band's fitted logarithmic spiral
(Use prepared 5 spirals whose crossing angle are 10, 15, 20, 25, and
30 degree)
Total grid count in Band area (*¥)
Grid count with Tgs=<—60°C in Band area
Grid count with Tess=—7T0°C in Band area
Mean of Tps in Band area
(Absolute value of minus degree ; 0°C=0,-100°C=100)

Standard deviation of Tps in Band area (°C)
Distance from CSC position to Band's fitted logarithmic spiral
center position (km)

(**) Band area is defined as cyclonic curved cloud band, filled up by continuous
"Cb-area"s shown as follow ([]J-mark).
Cb-area is defined if there are 6 grids or more with Tgp<—60°C in 6 pixels
X6 lines (36 grids) square.
Surrounding 2 grids [(256—6X12),2] is not objective.

(256
lines)
L2
areas

(256 pixels)

12 areas

CSC ; Cloud System Center

Measured values from (a) to (1) are converted into following values.

Fig.3.1 Original parameters on Band feature (Step-3).
(to be continued)

‘~A22‘4~
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(1) Figure group

ORGB( 1, 0)=1~(a), /600

Note ; (a) is measured as a value from O to 600.
imagery data set is about 1,280km square.

center of imagery.
C example ; (a)= O => ORGB( 1,
(a)=600 => ORGB( 1,

ORGB( 2, 0)=1-((f)—5),30

s Uk

%285 19943 3 B

: using from (a) to (f) and (1)

Because, size of used
And CSC locates at the

0)=1.0
0)=0.0

]

Note ; (f) is a value from 10 to 30 in terms of 5 degrees

(£)= 10 = ORGB( 2,
(f)= 30 = ORGB( 2,
ORGB( 3, 0)=1—(1),/600

[ example ;

0)%0.83
0)=0.17

]

Note ; (1) is measured as a value from O to 600 because of the same reason

as (a).
E example ; (1)= 0 = ORGB( 3,
(1)=600 = ORGB( 3,
ORGB( 4, 0)=(d)
ORGB( 5, 0)=ORGB( 1, 0)XORGB( 4, 0)
ORGB( 6, 0)==ORGB( 2, 0)XORGB( 4, 0)
ORGB( 7, 0)==O0RGB( 3, 0O)XORGB( 4, 0)
ORGB( 8, 0)=(e)/36

0)=1.
0)=0.

]

Note ; (e) is divided by 36 to change into smaller value.

ORGB( 9, 0)=ORGB( 1, 0)XORGB( 8,
ORGB(10, 0)=0RGB( 2, 0)XORGB( 8,
ORGB(11, 0)=0RGB( 3, 0)XORGB( 8,
ORGB(12, 0)=ORGB( 4, 0)XORGB( 8,
ORGB(13, 0)=O0RGB( 1, 0)XORGB( &,
ORGB(14, 0)==ORGB( 2, 0)XORGB( &4,
ORGB(15, 0)=0RGB( 3, 0)XORGB( &,
ORGB(16, 0)=0RGB( 1, 0)XORGB( 2,
ORGB(17, 0)=0RGB( 2, 0)XORGB( 3,
ORGB(18, 0)=0RGB( 3, 0)XORGB( 1,
ORGB(19, 0)=0RGB( 1, 0)XORGB( 2,

0)
0)
0)
0)

(2) Temperature group :
ORGB( 0, 1)=(g)
ORGB( 0, 2)=(h)
ORGB( 0, 3)=(1)
ORGB( 0, 4)=(J)
ORGB( 0, 5)=100/ (k)

using from (g) to (

Note ; Smaller value of (k) denotes smoother surface of a Band.
surface must be concerned with stronger MWS.

(k)= 5 => ORGB( O,
(k)= 20 => ORGB( 0,
6)=0RGB( 0, 2),70RGB( O, 1)
7)=0RGB( 0, 3),70RGB( 0, 1)
ORGB( O, 8)=ORGB( 0, 3),0RGB( 0, 2)
ORGB( 0, 9)=O0RGB( O, 4)XORGB( 0, 5)
ORGB( 0,10)=0RGB( 0, 1)XORGB( 0, )
ORGB( 0,11)=O0RGB( O, 1)XORGB( 0, 5)
ORGB( 0,12)=0RGB( 0, 4)XORGB{ 0,
ORGB( 0,13)=0RGB( 0, 4)XORGB( 0,
ORGB( 0,14)=0RGB( 0, 4)XORGB( O,

example ;
E p

ORGB( 0,
ORGB( O,

(8) Combined group

OR'GB( 1, 1)=0RGB( 1, 0)XORGB( 0, 1)

ORGB( 1,14)=0RGB( 1, 0)XORGB( 0, 14)

0RGB(19, 1)=0RGB(19, O)XORGB( 0, 1)

0RGB(19 14)=0RGB(19, O)XORGB( 0,14)

0) X ORGB( 8,
0) X ORGB( 8,
0) X ORGB( 8,
0) X ORGB( &,
0) X ORGB( 4,
0) X ORGB( 4,
0) X ORGB( 3,

k)

0)XORGB( 8, 0)
0)XORGB( 8, 0)
0) X ORGB( 8, 0)

0) X ORGB( 4, 0)XORGB( 8, 0)

Smoother
(k) can't be 0.

5)—20
5)= 5

]

2)/0RGB( 0, 1)
3)/0RGB( O, 1)
3)/0RGB( 0, 2)

=

"Original parameters" on Band feature

Fig.3.1

Original parameters on Band feature (Step-3).
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1. Imageries ; Data set within 256 pixelsX256 lines (one grid size is about 5km)
in Mercator projection, and in 6 hourly time interval.

2. Elements ; Characteristics on deep convection and Cb concentration in the
vicinity of a tropical cyclone.

(a)
(b)

Distance from CSC position to DO's geometrical center position (km)
Direction from CSC position to DO's geometrical center position (km)

(c) ; CSC location against DO area ("In/Edge" or "Out")
(d) ; Major diameter of DO (km)
(e) ; Minor diameter of DO (km)
(f) ; Mean of (d) and (e)
(g) ; Total grid count in DO area (¥**)
(h) ; Grid count with Tps<—60°C in DO area
(1) ; Grid count with Tps<—70°C in DO area
(J) 5 Mean of Tge in DO area

(Absolute value of minus degree ; 0°C=0,-100°C=100)
(k) ; Standard deviation of Tss in DO area (°C)

(**) DO area is defined as dense circular cloud area, filled up by continuous
"Cb-area"s shown as follow ([J-mark).
Cb-area is defined if there are 6 grids or more with Tpp=<—60°C in 6 pixels
X6 lines (36 grids) square.
Surrounding 2 grids [(256—6XU42),72] is not objective.

(256 pixels)

42 areas
OO0
DO's geometrical  [AC1OINOIOIOON
(256 center O
lines) { [\ Vi
42 ; 2 ) VO
areas 0] toog

. N\OO®. hNooo /
L RO, (ENOOCY

X @~ NOOWO
CsC Eb; "B 00
o

CSC ; Cloud System Center

Measured values from (a) to (k) are converted into following values.

Fig.3.2 Original parameters on DO feature (Step-3).
(to be continued)

J— 24 —
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Figure group : using from (a) to (f)
ORGD( 1, 0)=1—(a), /600
Note ; (a) is measured as a value from O to 600. Because, size of used
imagery data set is about 1,280km square. And CSC locates at the
center of imagery.
E example ; (a)= 0= ORGD( 1, 0)=1.0 :I
(a)=600 = ORGD( 1, 0)=0.0
ORGD( 2, 0)=(d)
ORGD( 3, 0)=(e)
ORGD( 4, 0)=(f)
ORGD( 5, 0)=O0RGD( 4, 0)XORGD( 3, 0),70RGD( 2, 0)
ORGD( 6, 0)=ORGD( 4, 0)XORGD( 3, 0),/0RGD( 2, 0)XORGD( 1, 0)

Temperature group : using from (g) to (k), the same as Band feature
ORGD( 0, 1)=(g)
ORGD( 0, 2)={(h)
ORGD( 0, 3)=(1)
ORGD( 0, 4)=(J)
ORGD( O, 5)=100(k)

Note ; Smaller value of (k) denotes smoother surface of a DO. Smoother

surface must be concerned with stronger MWS. (k) can't be O.
[ example ; (k)= 5 = ORGB( 0, 5)=20 ]
(k)= 20 = ORGB( 0, 5)= 5

ORGD( 0, 6)=0RGD( 0, 2),/0RGD( O, 1)
ORGD( 0, 7)=O0RGD( 0, 3),0RGD( O, 1)
ORGD( 0, 8)=ORGD( 0, 3),/0RGD( O, 2)
ORGD( O, 9)=ORGD( 0, 4)XORGD( 0, 5)
ORGD( 0,10)=0RGD( 0, 1)XORGD( 0, 4)
ORGD( 0,11)=0RGD( 0, 1)XORGD( 0, 5)
ORGD( 0,12)=O0RGD( 0, 4)XORGD( 0, 2),70RGD( O, 1)
ORGD( 0,13)=O0RGD( O, 4)XORGD( 0, 3),70RGD( O, 1)
ORGD( 0,14)=O0RGD( O, 4)XORGD( 0, 3),7ORGD( 0, 2)

Combined group
ORGD( 1, 1)=O0RGD( 1, 0)XORGD( 0, 1)

ORGD( 1,14)=0RGD( 1, 0)XORGD( 0,14)

ORGD( 6, 1)=0RGD( 6, 0)XORGD( 0, 1)

ORGD( 6,14)=0RGD( 6, 0)XORGD( 0,14)

= "Original parameters" on DO feature

Fig.3.2 Original parameters on DO feature (Step-3).
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Table 1

Summary of time operation against measured maximum wind speed.

"Operational parameters" compared statistically with measured maximum wind speed
(MWS) are developed by using next time operations ;

; parameter's time lag against MWS's observed time

_

Time lag

[ Time variation ]

Time variation ; difference of parameter values in certain interval
Time mean

; mean of parameter values in certain period
< P(-TT) expresses operational parameter's value at "TT" hours before,
against MWS's observed time (TT=0) >

T
no interval

Time lag 06h intervald¢ | 12h interval | 18h intervald¢ | 24h interval
00 hour | P{ 00) P( 00)—P(-06) | P( 00)—P(~12) | P( 00)—P(-18) | P( 00)—P(-24)
= V01 = V02 = V03 => VOU = V05
-06 hour | P(-06) P(-06)—P(-12) | P(-06)—P(-18) | P(-06)—P(-24) | P(-06)—P(~30)
=> V06 = V07 = V08 = V09 = V10
-12 hour { P(-12) P(-12)—P(-18) | P(-12)—P(-24) | P(-12)—P(-30) | P(-12)—P(-36)
= V11 = V12 = V13 = Vii = V15
-18 hour | P(-18) P(-18)—P(-24) | P(-18)—P(-30) | P(-18)—P(-36) | P(-18)—P(-42)
= V16 = V17 = V18 = V19 = V20
=2l hour | P(-24) P(-24)—P(-30) | P(-24)—P(-36) | P(-24)—P(-42) | P(-24)—P(-LB)
= V21 = V22 = V23 = V24 = V26
[ Time mean ]
Time lag| no period| 06h period ¢ 12h period 18h period 2bh period
00 hour mean of mean of mean of mean of
P( 00), P(~06) | P( 00), P(-06) | P( 00), P(-06) | P( 00), P(-06)
P(-12) P(-12), P(-18) | P(-12), P(-18)
= M02 => MO3 => MO4 | P(-24) => MOS
-06 hour No mean of mean of mean of mean of
P(~06), P(-12) | P(-06), P(-12) | P{-06), P(-12) | P(-06), P(-12)
operation P(-18) P(-18), P(-24) | P(-18), P(-24)
= M07 = M08 =) M09 | P(-30) = M0
because of
-12 hour mean of mean of mean of mean of
the same | P(-12), P(-18) | P(-12), P(-18) | P(~12), P(-18) | P(-12), P(-18)
P(-24) P(-24), P(-30) | P(-24), P(-30)
values = M12 = M13 = M4 | P(-36) = M5
-18 hour | as time mean of mean of mean of mean of
P(-18), P(-24) | P(-18), P(-24) | P(-18), P(-24) | P(-18), P(-24)
variation P(-30) P(-30), P(-36) | P(-30), P(-36)
= M17 = M18 = M19| P(-U42) <=> M20
-2 hour mean of mean of mean of mean of
P(-24), P(-30) | P(-24), P(-30) | P(-24), P(-30) | P(-24), P(-30)
P(-36) P(-36), P(-42) | P(-36), P(-42)
=> M22 = M23 = M24 | P(-48) = M25

REMARKS ; Original parameters on "upper characteristic feature" are measured in 12

hourly time interval.

Therefore, ¥¢-marked time operations and absent P(-TT) in
another operations are not objective for development of the operational parameters.
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Table 2.1  The number of operational parameters which have certain correlation
coefficient with aircraft-measured maximum mean wind speed
in the case of no classification by the pattern
(Abbreviations)
MWS : Alrcraft-measured maximum mean wind speed.
ABSCOR  : Absolute value of correlation coefficient.
(+), (=) : Plus or minus correlation.
T60, T70 : "Cb occupation rate" less than or equal to -60°C or -70C.
(See Fig.2)
Vxx, Mxx : Time operation. (See Table 2)
Ry : Region. (See Fig.2)
MWS < 35knot MWS = 3Bknot All WMS
(ABSCOR=0.3) | (ABSCOR=0.4) | (ABSCOR=0.4)
Time variation in (+) 0 (+) 2 (+) 4
167 km radius area MAX 0.427 MAX 0.476
e (170, V16, R1) | (T70, V16, R1)
i 2 rates (=)0 (=)0 (=)0
. X25 operations
: X 9 regions
Time mean in (+) 0 (+) 31 (+) 38
167 km radius area MAX 0.525 MAX 0.581
(T70, M20, Rt) | (T70, M20, R1)
. 2 rates (=) 1 (=) 0 (=) 0
i X20 operations MIN -0.311
: X 9 regions (T60, MO7, R7)
Time variation in (+) 1 (+) 0 () 0
250 km radius area MAX 0.308
press s (T60, V02, R1)
i 2 rates (=) 1 (=) 0 (<) 0
: X25 operations MIN -0.308
: X 5 regions (T60, V12, R3)
Time mean in (+) 0 (+) 19 (+) 26
250 km radius area MAX 0..451 MAX 0.509
e (T60, M15, R1) | (T60, M25, R1)
. 2 rates (=) 1 (=)0 (=) 0
i X20 operations MIN -0.305
: X 5 regions (T60, MO7, R3)

Total number

(+) B2
(=) 0

(+) 68
(-) 0
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Table 2.2  The same as Table 2.1 except for in the case of only Band pattern.

(Abbreviations)

The same as Table 3.1.

MWS< 3bknot MWS= 3Bknot All WMS
(ABSCOR=0.3) (ABSCOR=>0.14) (ABSCOR=0.4)
Time variation in (+) 8 (+) 5 (+) 10
167 km radius area MAX 0.39 MAX 0.47 MAX 0.555
oo (T70, V15, RB) | (T60, VO1, R1) | (T60, Vi6, R1)
i 2 rates (-) 20 (-) 0 (=) 0
i X25 operations MIN -0.398
i X 9 regions (T70, V06, R6)
Time mean in (+) 4 (+) 19 (+) 38
167 km radius area MAX 0.319 MAX 0.538 MAX 0.648
oot (760, M13, R5) | (T70, MO5, R1) | (T70, M15, R1)
: 2 rates (-) 28 (=)0 (=)0
i X20 operations MIN -0.402
i X 9 regions (Te0, M12, R8)
Time variation in (+) 5 (#+) 0 (+) 6
250 km radius area MAX 0.386 MAX 0.458
prereses e (T70, V10, RB) (T60, VO1, R1)
i 2 rates (=) 12 (=) 0 (<) 0
i X25 operations MIN -0.439
: X b regions (T60, V12, R3)
Time mean in (+) 0 (+) 17 (+) 38
250 km radius area MAX 0.152 MAX 0.569
(T60, M20, R1) | (T60, M25, R1)
i 2 rates (=) 24 (=) 0 (=) 0
i X20 operations MIN -0.410
: X'b regions (T60, M12, RY4)
Total number (+) 17 (+) 1 (+) 92
(-) 84 (<) o (=) 0
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(Abbreviations)
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The same as Table 3.1.
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The same as Table 2.1 except for in the case of only DO pattern.

MWS < 3Bknot MWS=35knot All WMS
(ABSCOR=0.3) | (ABSCOR=0.4) | (ABSCOR=0.4)
Time variation in (+) 7 (+) 2 (+) 0
167 km radius area MAX 0.390 MAX 0.113
oo (T60, V15, R6) | (T60, V16, R1)
i 2 rates (=) 14 (=) 0 (=) 0
: X25 operations MIN -0.537
1 X 9 regions (Teo, V07, R6)
Time mean in (+) 0 (+) 12 (+) 10
167 km radius area MAX 0.523 MAX 0.524
(T70, M20, R1) | (T70, M20, R1)
! 2 rates (-) 6 (=) 0 (=) 0
i X 20 operations MIN -0.333
¢ X 9 regions (T60, M10, RT)
Time variation in (+) 4 (+) 1 (+) 0
250 km radius area MAX 0.400 MAX 0.421
oeeee el (60, V02, R1) | (T60, V16, R1)
i 2 rates (-) 8 (=) 0 (=) 0
i X25 operations MIN -0.464
: X 5 regions (Teo, Vo7, R2)
Time mean in (+) 0 (+) 18 (+) 16
250 km radius area MAX 0.471 MAX O.u467
(T70, M19, R1) | (T70, M19, R1)
i 2 rates (=) 9 (=) 0 (=)0
i X20 operations MIN -0.330
: X b regions (T60, M08, R3)

Total number (+) 1

(-) 35

~~ —~
~—
—~—~
1+
~—
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Table 3 Original parameters on upper characteristic feature (Step-3)

1. Imageries ; Data set with full disk imageries in 12 hourly time interval.
2. Elements ; Characteristics on divergence and vorticity at the upper layer.

[ Processes ]
(1) Automatical calculation of high level (about 200hPa level) cloud motion winds
in the 20°Lat.X20°Lon. region of a tropical cyclone at 1° intervals.
(2) Quality control of cloud motion winds by man-machine interactive operation.
(Exclusion of bad winds, and addition of satisfying winds)
(8) Interpolation of all grid winds (21X21 grids at 1° intervals) using controlled
cloud motion winds. Grid region's center is the cloud system center (CSC) of
a tropical cyclone. following weight function is used.
1000X e “R7100 /R
<"R" is a distance (km) from a grid point to
controlled cloud motion wind's position, R<222km (2.0°)>
(4) Calculation of divergence and vorticity using interpolated grid winds

[ High Level Divergence.l ; in the whole region ]

ORGU( 1) ; Maximum value in the region (107¢/sec)
ORGU( 2) ; Distance from CSC to ORGU(1)'s grid point (km)

ORGU( 3) ; Direction from CSC to ORGU(1)'s grid point (degree)
ORGU( 4) ; Mean value in the region (107%/sec)

[ High Level Divergence.2 ; in a circular region
(center is the CSC, and radius is 250km) ]

ORGU( 5) ; Maximum value in the region (107¢/sec)
ORGU( 6) ; Distance from CSC to ORGU(5)'s grid point (km)

ORGU( 7) ; Direction from CSC to ORGU(5)'s grid point (degree)
ORGU( 8) ; Mean value in the region (107%/sec)

[ High Level Divergence.3 ; in a circular region
(center is the CSC, and radius is 500km) ]

ORGU( 9) ; Maximum value in the region (107%/sec)
ORGU(10) ; Distance from CSC to ORGU(9)'s grid point (km)
ORGU(11) ; Direction from CSC to ORGU(9)'s grid point (degree)
ORGU(12) ; Mean value in the region (107%/sec)
[ High Level Vorticity.1 ; in the whole region ]

ORGU(13) ; Minimum value in the region (107¢/sec)
ORGU(14) ; Distance from CSC to ORGU(13)'s grid point (km)
ORGU(15) ; Direction from CSC to ORGU(13)'s grid point (degree)
ORGU(16) ; Mean value in the region (107¢/sec)

[ High Level Vorticity.2 ; in a circular region
(center is the CSC, and radius is 250km) ]

ORGU(17) ; Minimum value in the region (107¢/sec)
ORGU(18) ; Distance from CSC to ORGU(17)'s grid point (km)
ORGU(19) ; Direction from CSC to ORGU(17)'s grid point (degree)
ORGU(20) ; Mean value in the region (107%/sec)

[ High Level Vorticity.3 ; in a circular region
(center is the CSC, and radius is 500km) ]

ORGU(21) ; Minimum value in the region (107¢/sec)

ORGU(22) ; Distance from CSC to ORGU(21)'s grid point (km)

ORGU(23) ; Direction from CSC to ORGU(21)'s grid point (degree)

ORGU(24) ; Mean value in the region (107%/sec)
=> "Original parameters" on upper characteristic feature
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