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Predictability — Novelty — Vagaries
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SIMPLIFIED ©Crreiimes

Depression 17kt — 27kt

swirling moist air mass

Cyclonic storm 34kt — 47kt

Res e m b I i n g a co i I ed S n a ke Severe cyclonic storm 48kt — 63kt

Very severe cyclonic

64kt — 90kt
storm

Extremely severe 91kt — 119kt
cyclonic storm

. 120kt and more
Super cyclonic storm

WMO/ESCAP Panel ESCAP/WMO
on Tropical Cyclones Typhoon Committee

@ Light Winds @ Very Strong Winds

Transition ﬁum very strong winds to light winds at the outer edge

Role Mechanism: CISK
f (¢+5) (S,+3)" E (06 /op + 5) (RH-40)/30 Threshold 73 x 108 Cal°Ksec'Cm-3
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OBSERVED by Radar

“* System pattern/features i
= Shape _ . 7 _
= Cloud cover and type

= Spread

Orientation
Intensity

“* System Parameters

= Location
= Centre
" Eye (dia. & features)
* RMR, RMW LT
Jove radar 11 March 2005 1700 UTC

0 * Syste m Te 1] d e 1 cy & M Ove m e nt p ! courtesy Australian Bureau of Meteorology

*** Other Relevant Derived info.

= Wind Fields
= RF
= Turbulence
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Radar observed Cyclone features

S. Ragavan, 1985 WMO 26, comp_ggi_% of many observed systems
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Radar observed Cyclone features

PPI (V)
05:59 /15-Nov-2018
Chennai

The Radial Measured Wind has the following convention in accordance to
frequency red shift:

Incoming wind Blue [Cool colours —ve]

Outgoing Wind Red [Warm colours +ve]

If an Anti-clock-wise rotational vortex [Cyclonic - in the northern Hemisphere] is
to the south-east of the radar the upper D has to be with cool coloured and the
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28.0 m/s
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20.0 m/s

-

16.0 m/s

-

12.0 m/s
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» B.0m/s
v 4.0m/fs

» 0.0m/s

lower D with'warm colours /\

v -4.0m/s
v+ -B.Om/s I I. . -I

-12.0 m/s

-16.0 m/s
-20.0 m/s
-24.0 m/s
-28.0 m/s
-32.0 mfs

Pdf File: 475V.ppi
Clutter Filter: None
Time sampling:50

PRF: 315 Hz / 252 Hz
Range: 475 km
Resolution: 1.188 km/pixel
Elevation: -0.3 deg

Data: Radar Data
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Movement prediction

“*Squall line indicator

“*Squall line movement (Gust front, Bright
band)

“*Automated track
“*Playback & extrapolate

26.05.2009
01:24:28
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File : 2009052411590986. caz
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25
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Probable movement

File : 2010051809000083, ppz
Type ; PPI{Z) 18'?5'?010
Range: B00,0 km 09:00:00
dBzZ
47,3 - 50,0+>
B 447 - 47.3
B 42,0 - 44,7
39,3 - 42,0
36‘? - 20 2
240 —File 1 2010051814173266, ppz 18.05.2010
1.3 _Tupe 1 PPI{Z) 14_17_32
og,7 -Range: 600,0 km - "
26,0 - dBZ
23,3 - W 47.2 - 50,0+
= Teo - W dd.7 - 47.3
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24,0 - 36,7
1.3 - 34,0
CHENNAT 28,7 - 31,3
Scan R 3 26,0 - 28,7
soan Res: 93,3 - 96,0
Disp Res: B 20,7 - 23,3
Pl 3 Long B 18.0 - 20,7
PRF: 250 W 5.2 - 18.0
?g : 12'“ W 127 - 15.3
RS : 1 W 0.0 12,7
CC : OFF
29k 1620 CHENNAT
LOG: 3,0 ¢ Scan R ¢ 60O km
AZ 3 0,C Scan Res: 0,50 km
EL & =0.2 Disp B 600 km
Disp Res: 2,000 km
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TS & 16
RS : 1
CC : OFF
SQI: 0,35
CSR: 10.0 oB
LOG: 3.0 dB
AZ ¢ 0,0-359,0
EL : -0.3 deg
COR Chennai
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Center identifying

“*Meighen’s method
“*Logarithmic spiral
“*Velocity doublet
D Zero isotach line RMV at the eye wall region (RMR)
“*Animated Sequence

Intense TC's shall be even without an eye (Weatherford and Gray 1988).

System intensification — eye reveals

* cyclone too close - partial eye is observed - sub-refraction (Raghavan etal 1980)

* The farther side is not usually seen - ray attenuation
Eye of intense TC tends to be circular, Ellipses/polygons/irregular shapes are common (Lewis and
Hawkins 1982, Muramatsu 1986).
The eye shape varies with time and also rotate around center.

* Eye distorted due to radar observational limitations, and rotation may be spurious
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Fixing of centre
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Meighen's method vyields a different center position and a different eye size.
Fixes obtained by his method gives smoother track .
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Fixing of centre

LogarithmiC Spiral of CS reveals the system centre through spiral fit

Each organized spiral may have a different center

Cross angle is considered to be reflecting the intensity and organization of the system

dtan
r=Ae’"™*

System intensification — eye reveals

15

During eye formation the inner most SCS has cross angle zero

{

(i
LN

LY

HITa Fieaa sy S
INDIA METEOROLOGICAL DEPARTMENT

P



LOG SPIRAL FIX

WINDOW#1 X 1 720x571 05:03:44 UTC
File | View E"TI_"EIEIWEI _i Hode I:
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Reflectivity in d4dEBZ

— Radar Cyclone center: 13.6325°N 81.4065°E
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Center Log spiral and Meighen’s

: 320 H=z
: 56.0 dBZ

262, Rng:
in: -9.5 dBZ

272, Rng:

22*

13:30:06 Z
15 NOV 2007

13:30:06 Z
15 NOV 2007
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Cursor Tool

LAT
I u
LOH

O
Value .Threshold Range
21.4643°H slant
89.5831°E Bearing
Height | 3.7 Jm Elev
Horth 5.3 km H

East |247.7 km W

0.jpg

Track/Annotate Tool

(=)

_J“;HAN_DEFAULT

Action add spiral — |

angle [1¢ —}
Rotate CH |
Range || 40 km |200 km

Delete All Points

2| x|

— Track Data
Last Point of 1

LAT
u

LON
Speed J T

Direct [---

21.4048°H
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89.5586°E

To Target
Range 250 km
Bearing | 89 deg

Time to |-——-

Time at |-——-

247.7 X
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271.2
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Fixing of centre
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Data: Radar Data
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Movement Prediction and center flxmg

An etrlc vortex can ideally be considered to be a mp
R n e-ex (Rankine 1901).
/ )/\ )/f

&

cc: DDFFlev‘ 9

C5R: 15 o B
LOG: 2.0 dB

AZ ¢ 0,0-359,0
EL : 0,2 dez

@5LM @sLH

range-aliased ecnoes' may confuse the 'center-finding algorithm

Simulation is for idealised vortex. Generally vortex asymmetric and eye wall incomplete.

Localised—shear_zone _confuses.while_lookingfor_the couplet
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PPI(V) & VVP
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WIND ANALYSIS

‘ WINDOW#1 X1 403x445 O07:17:17 UTC
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BHOPAL-RADAR
FFI

PPI_V
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Pdf File: 250V.ppi
Clutter Filter:  lIRDoppler 8
Time sampling:48

PRF: 600 Hz / 450 Hz

Range: 250 km
Resolution: 0.833 km/pixel
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Data: Radar Data
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Phailin (Oct 2013)
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08:11/ 12-Oct-2013
Visakhapatnam

PPI (V)
10:11 /12-0ct-2013
Visakhapatnam

PPI (V)
16:01 / 12-Oct-2013
Visakhapatnam

» 60.0 m/s » 60.0 m/s » 45.0 m/s

36.0 m/s » 36.0 mjs 27.0 m/s

+ 20.0 m/s + 20.0 m/s 15.0 m/s

v 40m/s » 4.0 m/s 3.0 m/s

+-12.0 m/s »-12.0 m/s -9.0 m/s

+-28.0 m/s +-28.0 m/s +-21.0 mfs

+-44.0 m/s »-33.0 m/s

+-60.0 m/s +-45.0 mfs
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Time sampling:50
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Pdf File: 250_PPV.ppi
Clutter Filter: IIRDoppler &
Time sampling:50

PRF: 600 Hz / 450 Hz
Range: 250 km
Resolution: 1.000 km/pixel
Elevation: 0.2 deg

Data: Radar Data
Rainbow® SELEX-SI
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Visakhapatnar
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Clutter Filter: HRDoppl
Time sampling:50

PRF: 600 Hz /
Range: 250 km
Height: 0.100 kn
18.000 k
Hor Res: 1.000 kn
Vert Res: 0.089 kn
Data: Radar Da

Rainbow® SELEX-51

|




eye seen at around 490km
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z

ht about 13 km

9

Eye wall he




Doppler Velocities

PPI (V)
00:41 / 19-May-2020
Visakhapatnam

47.0 m/s
40.7 m/s
34.5 m/fs
28.2 m/s
+ 21.9 mfs
15.7 m/s

9.4 m/s

3.1 m/s
-3.1 mys
-9.4 m/s
-15.7 mis
r-21.9 myjs
v-28.2 mjs
v-34.5 m/fs
v=40.7 myjs
v-AT7.0 myfs

Pdf File: 250 PPM.ppi
Clutter Filter: |IRDoppler 8
Time sampling:50

PRF: 600 Hz f 450 Hz
Range: 250 km
Resolution: 0.833 km/pixel
Elevation: 0.2 deg

Data: Radar Data

Rainbow® SELEX-51

HITa Fieaa sy S
INDIA METEOROLOGICAL DEPARTMENT




Wind Analysis

RADAR versus CIRCULATION

[
[l = A \)
Ty

ROTATION

ROTATION +CONVERGENCE

CONVERGENCE

DIVERGENCE

HITa Fieaa sy S
INDIA METEOROLOGICAL DEPARTMENT




Assymetric Vortex -

Movement
AN

HITa Fieaa sy S
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Fixing of centre

18.0 km MAX (dBZ)
12:31/ 26-Sep-2021
Visakhapatnam

+45.0 dBZ

+42.0 dBZ

+39.0 dBZ

+36.0 dBZ

+33.0 dBZ

Pdf File: 250 Z.max
Clutter Filter: lIRDoppler 10
Time sampling:40

PRF: 500 Hz f 375 Hz

Range: 250 km

Height: 0.100 km to
18.000 km

Hor Res: 0.833 km/pixel

Vert Res: 0.089 km/pixel

Data: Radar Data

Rainbow® SELEX-S|

HITa Fieaa sy S
INDIA METEOROLOGICAL DEPARTMENT
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CENTRE VARIATIONS

ﬂ QLW-1 X1 720x720 08:30:00 UTC

Fite | view | 3] 28] 1] 9] 5] 1] 2 1o |

E QLW-1 X1 720x720 08:25:28 UTC

eite | vie ] 535122 51 2 ] ) v |

Range: 3179 km
VHRR

: 8831 m/pixel

: 500 Hz

: 59,
201, Rng: 3555
1.
186, 1703

C_PPZ

E1:0.2
Range: 500 km
IMD-C

1369 m/pixel
: 300 Hz

54.0 dBZ
212, Rng: 13
: -30.5 dBZ
63, Rng: 302

ta
@
o
A
A
ol
o
)
z i 5
+ 2011122908252862, ppz 29.12.2011 i
8 PP 08:25:28 -
Range: 500,90 km -
Bz H
M 5.3 - 500 o
W 7.7 - 5.3
B 44,0 - 47,7
B 40.3- 44,0
6.7 - d0.3
33.0 - 36.7
29.3 - 33.0
25,7 - 29.3
22,0 - 25.7
18.3 - 22,0
B 14,7 - 18,3
B 11,0 - 14,7
B 7.3- 110
W 37- 7.3
W oo0- 37
CHENNAT
Sean R ¢ 500 kn ||d i

Disp R ¢ 500 km
Disp Res: 1,667 km
Fil n

ong
200/ 0
8.00 deg’s
6

atellite (VIS) — Radar Overlay

DUR Chennai

HITa Fieaa s S
INDIA METEOROLOGICAL DEPARTMENT

|



CENTRE VARIATIONS

= Cursor Tool |8:25:28 UTC

Satellite (VIS) — Rad

?| X
Value |Threshold Range |211.7 lan —J —J
Set Home

Radar

LONH

LAT 11.8390°K Slant |[211.8 km
U
81.7731°E| Bearing 130.2

Plant Home
Height 3.4 kn Elev 0.2

136.7 km S

Horth

East |161.6 km E

PPI

¢_PPZ

E1:0.2
Range: 500 Jm
IMD-C

: 1381 m/pixel
: 300 Hz
: 54.0 dBZ

212, Rng: 13

: -30.5 dBZ

63, Rng: 302

Reflectivity in dEZ

Cursor Tool

ar Overlay

B8:25:28

EEl

Value

LAT
U
LOH
Height

Horth

East

45.50 dBZ Range | 178.7 lm
11.9399°R Slant | 178.8 Jm
81.4563°E  Bearing | 134.7
2.5 km Elev 0.2

125.7 km &

127.1 km

| x]

Set Home

: 300 Hz

I~

E1:0.2
Range: 500 km
IMD-C

1381 m/pixel

54.0 dBZ
212, Rng: 13
-30.5 dBZ
63, Rng: 302

£
]
o
Gl
)
)
5
o
%
o
5]
@
put
[
)
-1

HITa Fieaa sy S
INDIA METEOROLOGICAL DEPARTMENT
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File
Type
Range:

e

2007062121034429, caz

Max-Z

21:03:44

Z

57.3 -

24,7 -

HEES

Scan
Scan

52,0 -
49,3 -
46,7 -
44,0 -
41.3 -
38,7 -
36,0 -
33.3 -
30.7 -
28.0 -
25,3 -
22,7 -
20,0 -

Machilipatnam

E 1 258
Ees: Q.
R 1 25
Re=: 1,
Short
GO0~
8,50 de
48
z
g
0,35
15,0 dB
2,0 dB
16,00
0,20

MACHILI

& 3DS

21.06.2007 File : 2007062121034439, 3ds

Type : 3DS
Eanges 100,0 km

B0, 0+
7.3
54,7
52,0
49,3
46,7
44,0
41,3
38,7
36,0
EENE
30,7
28,0
25,3
22,7

0 km
50
Q kn
250 7 |

450 .
grs

”l“ﬁ

ke
km

FATE

21.06.2007
21:03:44
Im=km|
18,7- 20,0
W 17.3- 18.7
B i6.0- 17.3
14,7- 16,0
13,4- 14,7
12,0- 13,4
10,7- 12,0
9,d4- 10,7
8.1- 9.4
6.,7- 8.1
B 5.4- &.7
|| 4,1- 5.4
H =5 4.1
B 1.4 2.8
B o0.1- 1.d
Machilipatnam
Scan B 1 250 km
Scan Res: 0,50 km
Disp B 100 km
Tli mm Dmm s MEAT e

18.0 km MAX (dBZ)
20:00/11-Dec-2016
Chennai

+50.0 dBZ
+46.7 dBZ
+43.3 dBZ
1,40.0 dBZ
'+36.7 dBZ
+33.3 dBZ
+30.0 dBZ
+26.7 dBZ
+23.3 dBZ
+20.0 dBZ
+16.7 dBZ
11133 dBZ
+10.0 dBZ

HITa Fieaa fas
INDIA METEOROLOGI

» 6.7 dBZ
+ 3.3dBZ
» 0.0dBZ
& Pdf File: 250Z.max
Clutter Filter:  IIRDoppler 8

PRF:
Range:
Height:

' HorRes:
Vert Res:
Data:

Time sampling:Variable

600 Hz / 450 Hz
250 km

0.100 km to
18.000 km
1.000 km/pixel
0.089 km/pixel
Radar Data

Rainbow ® SELEX-SI



18.0 km MAX (dBZ)
06:01/09-Oct-2021

Visakhapatnam

. 4s7dBZ

File :

Range:

»44.0 dBZ

»41.3 dBZ
2006042608261132, caz

Tupe : MAX(2)

2500 kn

Rainbow ® SELEX-SI

THRDELHI (PALAM
Max with panels
MAKX_Z

Task: IMD-B

Min Hgt:0,0 km
Max Hgt:15.0 kn
Max Range:250 km

11:42:212
11 AUG 2010 UTC

26.04.2006
08:26:11

Machi 1ipatnam
Scan R : 250 km
: 0,50 km

: Short

F: 600 / 450

i 8,50 deg’s
a8

i B
H 't 16,00 km
LS : 0.10 km

CDR. MACHILIPATHAM

;2 41
Tupe t MAX(Z) 12'?4'?007
Range: 300,0 km 12:38:21
M1 i W 18, dBz
ik y | !ﬂ‘i Il| Wl 16,0 | WM 57.3 - 60,0+>
[T I T L 140 B 547 - 5.3
N \ | : B 52.0 - 54.7
lz.® B 43,3 - 52,0
10,0 46.7 - 49.3
L 8,0 44,0 - 46,7
| ] 41.3 - 44.0
[ [ B 38.7 - 41.3
10 4.0 36,0 - 38,7
. e 33.3 - 326.0
u [ | B 30,7 - 33.3
= B 28.0 - 30.7
. W 5.3 - 28,0
= B 22.7 - 25,3
W 0.0 - z2.7
KOLKATA_India
| = Scan R ¢ 500 km
o Res: 1.00 km
25 R ¢ 300 km
A= Res: 1,500 km
! Long
= = 200/ 0
— 3 9.00 deg/s
== 5
. == CC : Doppler 10
Tt‘_ = SGT: 0,05
4 T CSR: 10,0 oB
i LOG: 2,0 B
T H : 18.00 km
i - | LS : 0,100 km
= C.0,R. KOLKATA
: —F— T

57 350 .0
54,78 57,3
52,0000 54,7
49,30 52,0 1y
46,7 43,3 F
44,0 46,7 5
41,3 44,0 4
|7 4135
.0 3T I
323 36.0 8
30,7 333 E
2a.0f 30,7 &
25, 5[ 25,0
22 7 5.3
200l 22.7

PARADEEP-RADAR
Max with panels
MAx_Z

Tazk: IMD-EB
Min Hgt $0,0 kn

Mzec Hgt:19.0 km
Max Range:250 kn

07:02:202
9 0CT 2021 UTC

57,z 0.0
54,7 57.3
52,000 54,7
49,30 52,0 y
46.7| 49,39
44,0 46,7 £
41,3 44,0 5
6.7 41,3 ‘5
3.0 38,7
33,3 | 36,0 2
20.7 @I
20,0 30,7 &
25,3 25,0
22,7 25,3
0.0l 22.7




File
Type
Range:

4 ob

TENDENCY

2005121905492589, ppv
PRI (W}
300,00 km

19.12.2005
05:49:25

me' =

B =2.5- 25.0
W 19.1- 22.5
B 15.6- 19,1

12,1- 15,6
B.7- 12,1
B,2- 8,7
1.,7- 5,2
-1.7- 1.7
-5,2- -1,7
-8,7- -5,2
B -12,1- -&8,7
B -15.6—-12,1
Bl -13.1—-15.6
B =°2.5--19.1
B -2c.0--22.5
CHEMMAT
Scan B ¢ 300 km
Scan Res: 0,30 km
Digp B ¢ 300 km

Disp Res: 1,500 km

Pl 3 Short

PREF: GO0 » 333
5,00 degss

2

Doppler &
SEI: 0,15

CSE: 19,0 dB
LOG: 2,0 dB

TS & 46

EL : 0.2 dez

CDOR Chennai

2005121905581 722, caw
PR €LY
250,0 km

0,0-359,0

HITa Fieaa sy S
INDIA METEOROLOGICAL DEPARTMENT

19.12.2005
05:58:17
me’ =
B G5.6- 6.
B 5.2 s
B 4.5- &,
4,4~ 4,
4,.0- 4,
2.6- 4,
3.2- 3.
2,9- 3,
2.5- 2,
2.1- 2,
B o1.7- 2.
B 13- 1.
B o0.9- 1.
B o.5- o
B o.1- 0,
CHEMMAT
Scan B ¢ 258(
Scan Res: 0,5
Digp B+ 25C
Dizp Res: 1.:
FlW + Short
PRF: 600 /7
AS @ 9,00 des
TS : 65
RS : 2
CC ¢ Doppler
SAI: 0,25

COR Chennai



Useful Products (UWT)

File : 2006102823340062, uw2 28.10.2006
Type @ LUWT_Z2 . .
Ranze: 250.0 km 23:34:00 File ; 2002111212192310, uwz 12 .11.2002
Type : UWT_Z2
m s Range: 250,00 km 12:19:23
B zr.7- 32,0
B =2z.5- 27.7 dEZ
B 19.2- 23.5 W 52.9 - 5&.0+>
14,9- 19,2 W 43.9 - E52.9
10,.7- 14,9 B 45.8 - 49,9
6.4- 10,7 43,7 - 46.8
2.1- 6.4 40,7 - 43,7
-2,1- 2.1 37.6 — 40,7
—-6.4- -2,1 34,5 - 37.6
-10,7- -6,4d 31.5 24,5
B -14.9--10.7 =8.4 31.5
B -19.2--14.9 25,3 =8.4
B -23.5--19.2 B 22.3 25,3
B -27.7--23.5 M 19.2 22,3
W -32.0--27.7 M 151 19,2
W 1=t 16,1
L) Overlay B 10.0 13,1
CHEMNAT mmm ) Overlay
Scan B ¢ 250 km
Disp B : 250 km KOLKATA
Disgp Res: 1,250 km Scan Bt 250 km
Grid: 41,7 km Disp B i 250 km
PRF=: GO0 ~ 400 . Disp Res: 1.250 km
CC: Doppler 9 Grid: 50,0 km
RS: 1 s TS: dd FPRF=: 600 ~ 480

10:15:13 AM

PPI (V) CC: Doppler 5
05:50/12-Dec-2016 RS: 1 : T5:; 45
Chennai UJT Elev.: 0.5

Image: PPI(ED
AZ 3 0,0-359,0

30.0 m/s
26.3 mfs
22.5 mfs C.0.RE. KOLKATA
18.8 m/s
15.0 m/s . * * - + * * .
» 11.3 mfs
+ + + + + + + + + +* + +
» 7.5mfs I / 11.04.2017
» 38mfs e ' 4 ad’ & L A +0541:33 +
» 0.0mfs [ P s
37 mis N N T .8 e R
-3. ,
» -1.5mfs + » + i [ [ ! / f + . + + +
112 mis oy a0 / a'r [
. * + ¢ { - + + + - +
-15.0 m/s 4 I I’ |,
/
-18.7 mfs - + 2 / Vaakhppatgam > " - " - .
-22.5mfs ' y / f \ \
-26.2 m/s 5 " * / . il * . * * *
-30.0 mfs [ / / [ \
- + + + - + - + + +
* + - + - + + - + - + - +
Pdf File: ppiv.ppi
4 Clutter Filter:  IIRDoppler 8
= Time sampling:48 Gkihads ” = = ¥ * " i * " =
PRF: 600 Hz / 450 Hz
Range: 250 km * - - - - . - * - *
Resolution: 0.625 km/pixel
Elevation: 0.2 deg 4 i " - . + . . i - - .
Data: Radar Data
UWT: 05:50 ~__ holL
Rainbow® SELEX-SI » * * * * * * * * * + *




Useful Products (PCAPPI)

File : 2002111212192347, pcv 12.11.2002 File : 2002111208414775.pcz 12.11.2002
Type ¢ PCAFPI(W:) Ca . Type ; PCAPPI{(2) i
Range: 250,0 km 12:19:23 Rouga: 500 0IKm 08:41:47
mez dBZ
B 52.0- 60,0 ‘TZH [ @ 53.8 - 56.0+>
W 44.0- 52,0 B 5i.6 - 53.8
B GE6.0- 44,0 B 49.4 - 51.6
28,0- 36,0 47.2 - 49.4
20,0- 28,0 45,0 - 47.2
12,0- 20,0 42,8 - 45,0
4,0- 12,0 40.6 - 42.8
-4,0- 4,0 38.4 - 40.6
-12,0- -4,0 26,2 - 38.4
-20,0--12,0 34,0 - 36.2
B -28.0--20.0 : = SINE R 2480
B -36.0--28,0 / - 4 2 29,6 - 31.8
B -44.0--36.0 400  300] 200 3 W 27.4 - 29.¢
W -52.0--44.0 0 ‘ M 25.2 - 27.4
W -c0.0--52.0 5 M 23.0 - 25.2
- SBP
e 'l
b oy e, a
KOLKATA ANG . =i & y v KOLKATA
Scan B : 250 km - L 0 Scan R : 500 km
Scan Res: 0,50 km - Bl = 5 & 3‘?3" Res: 1,00 km
Dizsp B 250 km Disp R : 500 km
Dizp Res: 1,250 km . - Disp Res: 2.500 km
Fll ¢ Short - Pl E Long
FPRF: &0O0 ~ 480 - F'RF: 250 / 0
AS : 8,00 deg's AS : 12,00 deg’s
TS + 45 o TSE: 20
y. RS 1 B RS
File : 2006102823040106, poz 58.10.2006 CC : Doppler 5 L : goggler 10
Tupe ¢ PCAFPI(Z} i SRI: 0,35 L o=2h
Range: 259.0 km 23:04:01 CSR: 30,0 dB : 30,0 dB
= LOG: 2,0 dB LA
- 50.0+> H 3 1,00 km . . m
- 46,7
: 43.3 :::(sj:;étﬂ Jam
Do C.0.R, KOLKATA D.R. KOLKATA
- 33.3
- 30,0 22:34:01 Z
T 28 OCT 2006
e 2 ]
- 13,3 E
- 1000 1.3 >1.4
- ez Ui
- 3.3 1.0 1.1
0.9 1.0
0 0.9
0.7 0.8
: 280 km 3.5'8:2
1 0,60 ki 0.4 0.5
1 280 km 0.3 0.4
Spop B0 ko 012
0.0 0.1
RS § 780 desoe B
TS 43
RS : 1
CC : Doppler 9
SUI; 0,25
C5R:r 16,0 dB
LOG: 2.0 dB
RoC: 2.5-100.0 km
H =z 1,00 km

CDR Chennai

INDIA METEOROLOGICAL DEPARTMENT .




Useful Products (VVP)

File : 2011122917545399,vp2 29.12.2011 File : 2011123013560498,vp2 20.12.2011
Type : WWP_Z2 17:54:53 Tupe : WWP_Z2 - .
Range; 30,0 km - - Fange: 30,0 km 13:56:04
knots knots
File : 2006102822Z040143.vp2
Turs i WVP.2 E EREIFEI0E | B
Range: 30.0 km 22:04:01 B B
b B &5 M &5
u - = T R R R R R e PN B W B P T e S &0
[ 55 55
7.5 . B a H o0 50
o5 7.2 AR R R T 7.2 A - R =R R T e e Y 50
7.2 a gg 45 * 45
6.9 3 Trda oo [ Y e e e LV e 40 NI M VARSI A S, M g 40
35 35
iy T m 0
6oz e tiafer e L = e 56 Hepsr ez s T == B = 6.6 AT Y LN R L e Y = gg
6.0 [HEE MR RS TR AL S H oo 6.3 | mte nda nda nda e rda H 20 PR N A A S SO SN S TN H =0
TP SR O DO 1 | B 15
5.7 a H o
5.4 RIS wiy CHENNRL 6. 0zl e nster e neter e e H s 6.0 T TR SR P PUREN P S o W L0
Wl Wiy B ont B s
5.1 - PRF: B00 .~ 400 5,7 Tite 5.7
4.0 T ey wiuw $§ gindioeEse CHEHHAT ) E
= BS ;o1
4.5 . (Y SURETR RTINS T O CC : Doppler 2 o i Rt 30 km 5.4 3 E: EHEI:INHI
: > S T Pl : Short 2 2 E 2 B 8 b Im
a.2-] 5 oot fetd Lot ! £8E: 378%48 5.1 e PRF: 500 / 37 g 4. P # e
] f|EE NeAR: 3 AS : 7,20 degs °° 3 2 E FEFs =00 2 309
3.9 ---5 ), MEH 7.850 km : * o o e L QS + 7’20 dEg/S
” u A HERA 3 4.8 na TS 8 = TS : 38
28 5T L PR : X B3 5 Z ol 2 : Z = RS : 2
|1 : A S CC ¢ Doppler 8 i o +
Stis . COR Chennat 4,5 Tt a CC : Doppler 8
W A sal: 0,25 4.5 S E SQI: 0,25
3.0 - ey L s C5R: 20,0 dB » 4 . = 4l: 0.
4 W - 4,2 1 LOG: 2.0 dB ) CSR: 20,0 dB
2.7 o ey e S WPAR: 9 4.2 s \» 3 . LOG: 2.0 dB
ot [ U . W A ALy . MAXH: 7,50 ki E = NPAR: =]
=] 1 T T 9 MINH: 0100 km 3.9 s = HIERE  7oH0 [
T . u A S L2 630 km [ 2 2 MINH: 0,00 km
= bl wogl-wl wl ul g 3.6 UGS 5.6 \} LS 1 0,20 Lm
T T R TR 1 ! k
Uy 3.3 irfer DWR Chennai
- I R 3.3 B | DWR Chennai
44 4l W 90 e N,
T—m—m 3.0 m m
A i . 2.7 e .
et et a i " : il
3 - ’ 2.4 m
13:44 14:34 * 15:34 ' 16:34 ¢ 17:34 1B:34 19:34 20:34 ' 21:34
14303 15:04 16304 17:04 1B;0d4  19:04 20304 2204 2.1 e
/ 3N 22an Rest .50 kn 2.1 ill
Disp R : 375 km 1.8 et
bt con
AS 7.20 dee’s 1.5 T
1| - L5
ok L2 e
F ., 12—y
EL: 0.2 deg 0,9 Tt
0.9 M
DUR Chennai 0‘6 e
0.6
0,3 el i1
0.3
0,0 T
L / /
17:04 | 17324 | 17:d4 -0 e
17314 17333 17:54 12:66 ¢ 13116 * 13:36 ¢ 13:56
13:06 13:26 13:46

HITa Fieaa sy S
INDIA METEOROLOGICAL DEPARTMENT

|_




.00 km

7.20km

240 km

180 km

0404 o4
0420

PPl (V)
01:00/ 12-Dec-2016
Chennai

» 46.9 m/s
» 40.6 m/s
b 3.4 mfs

» 28.1m/s
+ 219 m/s
» 156 mfs
> 94mss
» 31mss
» 3lmis
» 9.4 mis

Pdf File 250V.ppi
Clutter filter: IIRDoppler 8
Time sampling:48
PRF 600 Hz / 450 Hz
Range 250 km
Resolution:  0.833 kmipixel
Elevation 0.2 deg

Data: Radar Data
Rainbow® SELEX-S1

VVP & PPV

T8°E TR i0° E B1°E §2° E
O N 15° N
0.0k
.cnp M\I‘R
Ry
SN A 100.0 km 14° N
\
‘ 1N
12° N
AN
F9°E BO°E 81°E 82°E

PPI (V)
10:00 / 12-Dec-2016
hennai

b 46.9 m/s
b 41.0m/s
b 35.2m/s
b 293 m/s
» 234 m/s
» 17.6 m/s
» 117 m/s
v 59mfs
v 00m/fs
» -5.9m/s
»-11.7 m/s
»-17.6 m/s
»-235 m/s
»-29.3 m/s
»-35.2m/s
»-41.0 m/s
»-46.9 m/s

Pdf File: 250_PPV.ppi
Clutter Filter:  IIRDoppler 8
Time sampling:48

600 Hz / 450 H:
Range:
Resolution:  0.833 kmy/pixel
Elevation: 0.2 deg
Data: Radar Data
Rainbow ® SELEX-SI

VVP (V)
13:00 / 12-Dec-2016

Chennai
Paf File: 30 vup
Range Okm to 30 krr
Clutter filter:  IRDoppler 8
Time sampling:Variable
P 600 Hz [ 450 Hz
Alg type: Comp!

e
Elevation: 0.2 degto 210deg
se eg:

on

Rainbow & SELEX.SI

PPI (V)
17:40/ 12-Dec-2016
Chennai

Paf Fle
Clutter Flter.
Time sampling:48
PRF.

Range:
Reso
Ele
Dal

t Radar Data
Rainbow® SELEX-S|




FCST (TRACK)

= Pos: Expected
Date: 13-Dec-2016

"{f ot NN
e c -,
Tracked Cell

Time: 02:50

¥ .
" ”"" Size: 323 km**2 L

Hor. Speed: 7.1 m/s

1% Hor. Direction: 349 deg
& = -
i '

MAX (dBZ)

02:20/ 13-Dec-2016

Chennai

»70.0 dBZ
+65.3 dBZ
»60.7 dBZ
+56.0 dBZ
»51.3dBZ
+46.7 dBZ
+42.0 dBZ
»37.3dBZ
»32.7 dBZ
»28.0 dBZ
+23.3dBZ
»18.7 dBZ
»14.0 dBZ
+ 9.3dBZ
» 4.7 dBZ

» 0.0dBZ

Pdf File: 250_Z.max

Clutter Filter:  IIRDoppler 8

Time sampling:Variable

PRF: 600 Hz /450 Hz

Range: 250 km

Height: 0.100 km to
18.000 km

Hor Res: 0.833 km/pixel

Vert Res: 0.089 km/pixel

Data: Radar Data

CTR: 02:20

Rainbow® SELEX-5

Produ
he | offi

dBZ
e: 250
Z.max

W
e: 250
Z.max

w
e: 250
Z.max

e: 250
v

1213024

< | ] 1] = ]

5455

MAX (dBZ)

02:50/13-Dec-2016

Chennai

+70.0 dBZ
»65.3 dBZ
+60.7 dBZ
+56.0 dBZ
+51.3 dBZ
+46.7 dBZ
»42.0 dBZ
+37.3 dBZ
+32.7 dBZ
+28.0 dBZ

+23.3 dBZ
+18.7 dBZ
+14.0 dBZ
» 9.3dBZ
v 4.7 dBZ
» 0.0dBZ

Pdf File: 250_Z.max
Clutter Filter:  lIRDoppler 8
Time sampling:Variable

PRF: 600 Hz / 450 Hz
Range: 250 km
Height: 0.100 km to
18.000 km
Hor Res: 0.833 km/pixel
Vert Res: 0.089 km/pixel
Data: Radar Data
CTR: 02:20

Rainbow ® SELEX-SI




Severe Weather Index

_::--v-'-gi E F 3 E [Info Layer | Navigate
SWiI
PPl (dBZ)
01:20/ 12-Dec-2016 01:20 / 12-Dec-2016
Chennai Chennai
o Pdf File: swi.swi
‘-_D = Range: 250 km +60.0 dBZ

Clutter Filter: IIRDoppler 8
Time sampling:Variable
PRF: 600 Hz / 450 Hz

+57.5 dBZ
+55.0 dBZ
+52.5 dBZ
+50.0 dBZ
+47.5 dBZ
+45.0 dBZ
+42.5 dBZ
+40.0 dBZ
+37.5dBZ
+35.0 dBZ

"+ |Min height: 1.14 km | +32.5 dBZ

|Max height: 9.89 km |

: | Type: Upper-Level, from divergent tops
54 Lon: 81.07

[T Lat: 13.14

™

+30.0 dBZ
+27.5 dBZ

+25.0 dBZ
+22.5 dBZ
+20.0 dBZ

Pdf File: ppiz.ppi
Clutter Filter: IIRDoppler 8
Time sampling:48
PRF: 600 Hz / 450 Hz
; ; _ Range: 250 km
= BRI BLOw S SELER S Resolution: 0.625 km/pixel
b Elevation: 0.2 deg
= Data: Radar Data
= 1} SWI: 01:20

| | Rainbow® SELEX-SI

[Data Value: 42.50 dBZ] [Lon-Lat: 81.066° E; 13.159° N] [Ground Height: 0 m] [Angle: 83.7°] [Dist from Radar: 84.7 km]




Storm Structure Analysis

PPI (dBZ)
01:10 / 12-Dec-2016
Chennai

Pdf File:

PRF:
Range:
Resolution:
Elevation:
Data:

SSA:

| Storm Core

Size: 119 km**2

Volume: 95 km**3

| Mass: 102797 tons

Min height: -0.05 km

| Max height: 3.07 km

| Max Z: 49.0 dBZ

Max V: 29.9 m/s

| Max W: 6.6 m/s

| Height of max Z: 1.66 km

| Height of max V: 0.44 km |
‘-ﬁ_ Height of max W: 0.18 km
~ | Tilt (X): -31.4 deg

— | Tilt {Y): -74.8 deg

S

Clutter Filter:
Time sampling:48

»60.0 dBZ
»57.5 dBZ
»55.0 dBZ
»52.5 dBZ
»50.0 dBZ
»47.5 dBZ
»45.0 dBZ
»42.5 dBZ
+40.0 dBZ
»37.5 dBZ
+35.0 dBZ
»32.5 dBZ
+30.0 dBZ
»27.5 dBZ
»25.0 dBZ
»22.5 dBZ
»20.0 dBZ

ppiz.ppi
lIRDoppler 8

600 Hz / 450 Hz
250 km

0.625 kmjpixel
0.2 deg

Radar Data
01:10

Rainbow & SELEX-SI

& Size: 32939 km**2
v Volume: 105700 km**3
It Mass: 49166101 tons
'§ Min height: 0.10 km

1 Max height: 15.86 km
[F{Max Z: 62.0 dBZ
[ Max V: 46.9 m/s

£ Max W: 7.8 m/fs

Height of max V: 1.02 km
Height of max W: 0.44 km |
Tilt (X): -85.7 deg ;,a"
Tilt (Y): 85.6 de I *
f [LE ¥’

e \

SSA
01:10/ 12-Dec-2016
Chennai
Pdf File: ssa.ssa
Range: 250 km
Clutter Filter: IIRDoppler 8

Time sampling:Variable
PRF: 600 Hz / 450 Hz

Storm Core

Size: 1394 km**2
Volume: 4945 km**3
Mass: 8294979 tons

Min height: 0.00 km

Max height: 6.88 km

Max Z: 58.5 dBZ

Max V: 46.5 m/s

Max W: 6.6 m/s

Height of max Z: 3.42 km
Height of max V: 4.03 km
Height of max W: 2.42 km
Tilt (X): -70.1 deg

Tilt (Y): 74.8 deg




Limitations & overcoming

“Type of Radar

“*Anomalous propagation

“*Signal interference

“*Clutter mitigation

“*Atmospheric Attenuation

“*Earth curvature

“*Nyquist Velocity & (Doppler) dilemma
*Beam width resolutions

HITa Fieaa sy S
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TYPE OF RADAR Sensitivity Issues

** With increased interaction/ influence of atmosphere at
higher frequencies, sensitivity increases provided all
other factors are identical (Power transmitted, beam
width, scattering mechanism etc.)

Sensitivity of radar bands in decreasing trend:
W,V, Ka K, Ku, X,C, S, L

fa- 3450 parACE radar roflactivity 20 Movarmbeor 2008
v T ¥ ¥ T ¥

15

eight k]
:

r

1o 1o LEREELLLL BRI T rrrmm
20 = .
’J
30 -
IO' | —
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[=14]
C-Pol rndnr reflectivity 20 November 2005
T T T T
35

I LI'..

30
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4
"'.1 [Ejlllli Lk 1rI|||i 1 I.J!:IELJ
o

BACKSCATTER CROSS SECTION PER UNIT VOLUME 7 =— cm¥m®

5 = I. 1
*. 15

s i 1 i 1 i i |
Study at Darwin: A Radar System Designed for Validation of Cloud Resolving Models Pavlos Kollias,
Atmospheric Science Division, Brookhaven National Laboratory

[+1] 1 10 100
1, RAIMFALL RATE — mm/hr
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Fale o SN T8 5 79 8 _15_55.dal Fa G e |
Trie & PPI i 55
P 1 G ks z igi'; i

Fm il

*
H
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Radar limitations

e wnssens
443
'-.."

and overcoming - =
INTERFERENCE & B e

Tl i@
Clutierliluer & T
e o

SicHidih :
| EL 1
r Ground Clatter
Linomalous Propagation
il'x :w_zm_s_zs_uls_ss.d.u Fi 0T A FI:I].d.'II'I.g
Enae @ D hn u 255 Rail-Interference
Sml@. 1 Wehkther Signal from Clond
s =
B mess
3.7-%.2 55,5
Z.1-3.7 1558
:ai'Ea"; 4=
iet.5 yeas
jﬂ ; 2.5-3.8
g L T.8=Z.5
CA—t. B 1.5=2.8
=B Beal A 1816
[l #.5-1.8
I 3==0.5 BB-8.5
[t - SR
Scan Renps 1 187 km
Goan Hes I OROE e
Dinp Fenge 1 I ok
Binp Fan 1 i 30 kew
P i & Riera Gei
PRTL o AL
PRTH ¢ ALl
At Spwed v 12,88 e
Gales i LR
BiF I ]
Elutterfilter 1 OFF
SIC i OFF
SteMidth 1
EL 1 a5

(Turtonet al., 1988)
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PROPAGATION

—1
Rd
.2 - b2 =-2h/R, with R,=kR where k= [1 + “]
nodh

Range-height paper, kilometres, constant k=1.33

6045 30 “?'0 15 120 10 20 8 7 5
28 F R s
an
201 4
K Rl gradient Total Ray curvature | Virtual earth Atmospheric refraction £ b
<1 | dN/dh>0 Moves up More Convex Sub refraction = / i,
1 dN/dh=0 Moves up Actual Sub refraction E )
>1 dN/dh<0 Moves up/down Convex/flat/concave | Sub/normal/Super ;
0>dN/dh>-39 Moves up Less Convex Sub refraction 511 / o
4/3 | -39 Moves up Less Convex Normal refraction -' ff" i
-39>dN/dh>-157 | Moves down Less convex Super refract!on o L e im}H\:;%a:? [~ o-
k157 Moves down Flat Super refraction T .
<-157 Down Concave Super refraction (Ductin Range, km s

h=\r2+ RZ+271R,sing—R.+H,

(also h=rsinp+r?/2R_+h,)

Rhorizon= A/ 2R h; + /2R, h,,

rea FAraa == ST :
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Radar Limitations and Overcoming
Curvature

File :SHAR_2008_4 28 3 11_5.dat ; Date : 2008-4-28 5112 gg??g?2803120514‘pp2 28.04.2008
Type PRI (Z) 53 Time © 311:5 R:sge: BB [ 03:12:05
. Z{dBT)
dBZ
: I 420+ B 567 - 60.0+>
: SRK W ze0- 220 B 533 - 6.7
= | M 350 - 390 o B 50.0 - 53,3
L AT B 33.0 - 36.0 : 46,7 - 50,0
‘ ]300 - 330 ; 43.3 - 46.7
i 270 - 300 40,0 - 43,3
240 - 27.0 36.7 - 40,0
21.0 - 24.0 22,3 - 36,7
18.0 - 21.0 20,0 - 33,3
|50 - 180 26,7 - 30,0
M 1z0- 180 B 23.3 - 26,7
W oso-1z0 B z0,0 - 23,3
W o60 - 030 B 16.7 - 20,0
614 W oa0 - 060 B 1.2 - 1&.7
a0 W ooo - 030 W 10,0 - 13,3
DWR- SHAR CHEMMAT
Elevatinn © 0.0 deg Scan B 3 600 km
ScanRange  © 614 Km gv_:an Ees: éégokkm
Sean Res S 0.3 Km D":Sp Fos 3 OOOmk
Display Range : 614 Km PLJ:JS,‘D Lgi‘ ° dl
Dizplay Res 2 0.3 Km PRF: 25% / o
Pulse Width 1 2 pSec as M 6,00 deg/s
PRF(LiH) © 2004 200 \ | L TS & ai
RFM 120 Range-helght paper, kilometres, constant k=1.33 RS+ 1
Gates © 2048 6045 30 20 , A5 10 10 8 7 o 5 CC : Doppler 10
DTP T4 25] o ; g “if o Sllg @1
Clutter Filter ~ : OFF 1 45 CS5R: 15,0 dB
Off Line Filter  : OFF - LOG: 3.0 dB
5TC - OFF -4 AZ 0,0-3559,0
STC Width 0 201 A EL : -0,2 deg
W, o COR Chennai
Uppar limit of beam 18 - g
1 o0
‘Clmrl of beam 5 ] _g
| ] Lower limit of beam P=3 __ 2-
*"T"'_'"“’—"" g’ 1 2.0 g
o N T 1¢ 7 c
- o
- =
——— o
=e—. >
| [{IA o
.Rmr\ll\g 5 l“ 1.0 W
clouds V‘J. /
1y ] =
A :i::‘f:‘:f\f
~Earth! fee o - ! L - 1
* srfoce o= 0 ] 'rism“*i,\/‘ 200~ "250] [ o
I~ P~ ==
ange, k| D e o e N
= Jr2 4 (kRYZF2rkRsnb=— kR + H
™ 1"1'[ T D
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Curvature Effects center

File : 200B042812570540, ppz 28 042008
Type : PPIL{Z} cie
Fange: 600,00 km 12:57:04
dBZ
B d46.7 - 50,0+
B 4.2 - d&6.7
B 40,0 - 43,3

36,7 - 40,0
33,3 - 36,7
30,0 - 33,3
26,7 - 30,0
23,3 - ZB.7
20,0 - 23,3
16,7 - 20,0
13,3 - 16,7
10,0 - 13,3
- 10,0
6.7
3.3

ok O
+

L N |
|

1 B00 km
Res: 1,00 km
B : 600 km
Fez: 32,000 km
Long

250 0]
B,00 degs=s
d1
1
Doppler 10
0,15
15,0 dBE
3.0 dB
0,0-359,0
-0,2 deg

COR Chennai
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Radar Limitations and Overcoming

Attenuation Example

Atte n l I a t - o Rione-way) = 5 km, rainfall rate =4 mm/hr
I n f{GHz) Band a (dB} (two-way)

Tupe : PPI{Z}

Range: 500.0 km 06:56:54
dBZ 1
B 47.3 - 50,0+ 3 S 0.016
W 447 - 47,3 5 C 0.073
B 42.0 - 44.7
102 mem— S -2 0 X 0.61
L =TT Y e 16 Ku 19
ATTENUATION FACTORS FOR ATTENUATION FACTORS FOR 0 Ka 1.4
VARIOUS FOG VISIBILITIES VARIOUS RAINFALL RATES 3

~ ol W 3

I3

é 2001t VISIBILITY HEAVY 16mm/hr

{ 1001t VISIBILITY ICOERATE 4mm/hr

[] lrl | | ]

I '

% A
: )
g |°'5 .

2

=4

o

1000t VISIBILITY
5001t VISIBILITY

TEMP. 0°C;, FOR TEMP. 20°C ATTEN \TIONY
APPROXIMATELY HALVED 0.25 mm/hr
TEMP. 68°1

wilezl o Lol o 1 P T N
o 2 4 6 8 0" ¢ 2 Py - e
Ref: Raday, BenigtifNtit=Benign Environmferts an, Stanford

HITa Fieaa sy S
INDIA METEOROLOGICAL DEPARTMENT




Attenuation Artifacts

1, WINDOW#1 X1 403x445 11:00:06 UTC -0 File : 2007111511000748, caz 15.11.2007
Tupe 3 HAX(Z) SO0 -
= i = = | o | i 1 mri i 1 i | Range: 400,0 km 11:00:07
File | view | B3| 4|7 @) 4 &F| 2| @2 ©| Mode 2 [ Tn| BNRIHAEN 5
— = = = = : : . B 5.0 - 50.0+>
i PPI B 45.0 - 438.0
LIVEl_DBZ R
: 40.0 - 42.0
El:0.0 38,0 - 40,0
Range: 440 lm 36,0 - 38,0
2 34.0 - 36.0
PPI_* 32,0 - 34,0
g 30,0 - 32,0
28,0 - 30,0
B 6.0 - 28.0
B =4.0- 256.0
1 1 -00 -06 Z B 22.0- 240
. N B 0.0 - 22.0

15 NOV 2007
| | ) 1= =) )

Dizsp B : 400 km

Disp Res: 1,600 km

Pl : Long

PRF:y 300 / a

AS : 7,50 deg/s
40

RS ¢ 1
CC : Doppler 10
SAI: 0,25

C5R: 10,0 dB
LOG:y 2,0 dB
H : 14,00 km
Ls ¢ 0,100 km

Doppler Weather Radar
olkata

3]
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o
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10x difference in attenuation between Ku-Ka (favorable DWR- if beams matched)

Specific Horizontal Attenuation (An, dB km'1)

1.E+02

1.E+01

1.E+00

1.E-01

1.E-02

1.E-03

1.E-04

1.E-05

+ C-hand
« X-band

Ku-band

1 Ka-band

1.E-06
1.E-06

1.E-05 1.E-04 1.E-03 1.E-02 1.E-01
S-band Specific Horizontal Attenuation (A, ,dB km'1)

1.E+00

L
L
(8]

ka( dB/ km)
2-way 3

(8]

003

ele]l

Attenuation by clear air at sea level.

Ld_ i )il

_H

s ( i
L ”
:ni I
_ E
|
E V| 3
C | T'«a | |
™ T I :"_
[ !
b Ku 1 .}
[ 1
C X !
3 | 5
C c | 3
o 5 [ 3
R
. L Illl!ll L L 1 A 1 11 ) —
| 3 10 30 100 300
f(GHz)
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File o GHAR_Faed S5 4.7 F9 41, det T | AR _Teet S 1 F_FT_F . da T | B,
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A

Vs 15

actual

Velocity folded

SHAR_ sl 54 8_18_11.dal
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FOLDING

File : 2003121419131427, ppu
Tupe : PPI (V) 14.]_.2.?003
Range: 250,0 km 19:13:14
me s
13,0- 15,0
B 11.0- 13,0
W s.0-11.0
7.0- 9.0
5,0- 7.0
3.0- 5.0
1,0- 3.0
-1,0- 1.0
-3,0- -1.,0
-5,0- -3.0
B -7.0- 5.0
B -9.0- -7.0
W -11.0- -3.0
W -13.0--11.0
W -15.0--13.0
CHENNAT

PRF: GO0 0
1 9.00 degss
TS : 65

2
CC : Doppler 9
SAI: 0,25
CSR: 7.0 dB
LOG: 2,0 dB
: 0,0-359,0
EL : 0,2 deg

Rainkbow {C3
by AMS-Gematronik
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(1) DWR Chennai operational wavelength is 10.4348cm: The requirement 1s to get range as

well as velocity till around 475km. To attain this unambiguous range of 475 the PRFh 1s 315Hz.
Using Maximum unfolding through Dual PRF (ie 4:5) the PRF combination PRFh:PRFI :: 315:252
has been arrived.

This would give an unambiguous velocity of 32.87m/s. As this ratio of PRF has lot of jifters,
IR clutter filtering has been kept off as would lead to losing of good valid signature. further signal
qualifiers of SQI reduced to 0.1, LOG 1.5. Further the scan angles have been chosen to be -0.4, 0.2 &
1 degree that the volume resolves upto 15km height. Beam height diagram placed

Padar Range hewght disgram

»

1.0 dog

Region of Interest requiring 1pecial
abservation on velecity and
reflectivity

&« 00

Ewrge 1w
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NIVAR - Abnormal Features
M U Itl ple Eye = « » = [Earlier reported Mukherjee etal June 1976]

| | Info | Layer Mavigate

T

- =
Y| Info | Layer Naviga

PPI (V) ' PPI (dBZ
11:27 / 25-Nov-2 11:27 f 25-Non
Chennai 'b Chennai
. a00ms RUE J60:0/d8
Ik.

+ 26.0 mis +56.3 dB
220ms |§ 1525
+ 18.0 mys 2,- 57 B8 dB
+45.0 U8

8. 140 mys
Yo 10.0 mjs +413 dB
» BOms +37.5dB
+338dB

v 2.0 mis
2.0 mis +30.0 d&

» =4Um,

+26.3 d8

» -6.0 mfs
+22.5dB

- 10.0 mis

-14.0 mfs
+-18.0 mfs
+-22.0 mfs
+26.0 mis
+-30.0 m/s

Puif File: 475_PM 28

Clutter Flter: IRDopp

+1B.6 dB
+15.0 dB
+11.3d8
+ 1.5dB
+ 3B dR
+ 0.0 dB

475 1

Clutter Alters  (IRDo

Tima sampling:40 Time sampling-40

PRF: 315 Hz | il 354
Range: 475 km 475 k
Resolution: 1188 ki Resolution: 1.18€
Elevation: 0.3 deg Elevation: 03¢
Data: Radar O Rada

Rainbow ® SELEX-S|

Rainbow ® SELEX-S|
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latitude

Cyclone Morphology

MIMIC:

BY ANTHONY |, WINHERS AND ChHRISTORAEA S, VELoS

Sequential satalite mcrowave IMages of tropical eyciones rea  themsshves o morphog

apphcations. which alow for a straghtiorward visualzaton orms structural trends.

m
cations, the LEQ
unsque iform

butalso the LEC spatial

Nivar: 26-Nov-2020 00:45:00

280

Vimax: 55 Kts
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Brightness Temp - Horizontal Polarization

180

longitude

DWR Channai

iRy = sl ==t = it [Tie = f o=

B. Arul Malar Kannan



NIVAR

HWSR - Wind plot of Cuddalore ( Between 2020-11-25 18:30:00 and 2020-11-25 19:30:00 )

25
4 24,600
.\A\x\-i-x \ AE R o S R R P | I \N\\\\\‘\’-‘—\ - \ - 1 R N L-w \\/}1—.\-*\4—/7 /‘u‘/-
Max Wind 1
b >/\\\/\,’_\/\> J \_\\r‘j\'\q\q\;\__ﬂ\\ /‘\_‘\\ﬁr_ﬂ\\\\’”» \7\|\7 /\_‘\\__,\> <0 \ﬁ—ﬁ\\\q/\\/ﬁ\y\“\\\ﬁ/‘\/— M 2
n 4
EF RN RN RN ETETR YR ¥ ¥ ¥ ¥ % 11-“““\\\\\\\““;«‘1‘-‘1 W ¥ ¥ % % W W ¥ % W W W O % 15'_%
| o
3 Min Wind 1 A \ A ! H
A F | i \ \\\ o)
4 = 2
'\ Tt / v, / Y 1 .'. + :
! \ A ) A i} S N A { \ A 0 ! / " Pe T N 10
\ W ! F D N p 2 H - | ™ , Vo )
\ \ / v | \ Y— y [ S \ v \
Ay / ' .’ \ ., x '
W\ \ \ ]
AR R E"RN"ER % % % v % J“-\\““\\w\\‘ ® % w % % - W v/ = ‘1‘ e S o i T T S IR VR B T T e o i T B
1 Min Wind { ' _ ; ! s
) 2 B~ © 2 o 2 > © 2 ) a3 ) o 2 o Q ) o o ) a2 ) © @ o 0 > © ® o
I SR N N N L N I . N I G . N A AR S L AN LN L G S .
-- Time (Hour:Minute) UTC -»
AWS - Wind & Pressure plot of Pudhucherry ( Between 2020-11-25 19:35:00 and 2020-11-25 21:00:00 )
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This material is provided as a part of the Training/discussion, and not for public

distribution or commercial use
Most of the imageries incorporated, are owned by India Meteorological Department, Gol
for use of those images, prior permission of IMD shall be obtained

Credits to:

1. India Meteorological Department (IMD), MoES, Government of India

2. BMI (COX bazar data of SIDR)

3. COMET training module

4. NOAA, NASA

5. Web resources

Of course, my beloved family too... that silently toils at the background in keeping my
spirits alive

Books for a better understanding of weather radars & its applications :

6. Radar Meteorology by S. Raghavan, Kluwer Academic Publishers, Netherlands
7. Radar for Meteorologists by Ronald E. Rinehart, Rinehart Publications, USA

8. Polarimetric Doppler weather radar - Bringi & Chandrasekar, Cam. UP, USA

9. Doppler Radar and Weather Observations-Doviak and Zrnic , Academic Pr,
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