Radar Meteorology
Introduction and Basic Theory
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Doppler radar principle
7~ ®Doppler effect

N

Droplets moving toward the radar

Higher ,NVV\ « |
* ,\/\/W (Frequency upon return)
| (Frequencyupon  Lower M'E>

transmission
) Droplets moving away from the radar

Based on the difference between transmission and return
frequency, radar can be used to determine three-dimensional
kwind distribution in precipitation areas.
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Radar — Frequency bands

Band Designation Wavelength

S 2-4 GHz 15-8 cm
C 4-8 GHz 8-4 cm
X 8-12 GHz 4-2.5 cm

Large Wavelength: Small Wavelength:
© | Range; V Measurement Sensitive; Compact
® | Dimensions, Costs Attenuation
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Sub and Super Refraction

The radar assumes the beam 1s undergoing
standard refraction. The beam height will
be misrepresented under super/sub-
refractive conditions.

Superrefraction

Max cores may be displayed
at wrong heights

Superrefraction: The beam refracts more than standard. The beam height 1s lower than
the radar mdicates.

Subrefraction: The beam refracts less than standard. The beam height 1s higher than the radar
mdicates. Beai can overshoot developing storms.
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18.0 km

MAX (dBZ)
05:10/ 22-Mar-2018
Chennai

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

Pf File: 250Z.max

Clutter Filter:  IIRDoppler 8
Time sampling:48
PRF: 600 Hz / 450 Hz

Range: 250 km

Height: 0.100 km to
18.000 km

Hor Res: 1.000 km/pixel

Vert Res: 0.089 km/pixel

Data: Radar Data

Rainbow ® SELEX-SI
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MAX (dBZ)
05:01 / 22-Mar-2018
Visakhapatnam
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The rate at which pulses are transmitted by the Radar per sec is
called Pulse Repetition Frequency (PRF).

Time interval (t) between two pulses is known as pulse length or
pulse repetition time (PRT)

dar Diagram- [ransmit/Receive Windows

transmitting

PRT(t) =1/ PRF . ‘i'eceiving

Inter-pulse period

range window
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Range Folding

¢ X (PRT) B c
2 ~ 2% (PRF)

Unambiguous Range =

Unambigous Range / Second Trip Echo

Mouptain

transmitted Pulse .
_ ty, r 2nd Trip

AP Plise unambiguous
1. Pulse V’J—LMN Lol
= 1
Amplitud t
2. and -
SubseqUej td, r 2nd Trip Mountain Echo from
Pulseslrerrrrmmmmsnnd previous Pulse
L, E

Change PRF: second trip echo will shift position
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Velocity Folding

If a particle's radial velocity is outside the range of the palette interval, then the radial
velocity will be aliased, or folded. This is called velocity folding/aliasing.

Example: if palette velocity range is -25 m/s and the particle's radial velocity is -30 m/s,
then it will fold over and the radar will interpret it as +20 m/s -->>

1 | 1
_Vlnax O Vlnax

Ny qguist
imterval

Maximum unambiguous Doppler velocity, v, 18

_ PRF -2

max 4
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PPI (V)
22:00/11-Oct-2014
Visakhapatnam

39.0 m/s
33.8 m/s
28.6 m/s
23.4 m/s
18.2 m/s
13.0 m/s
» 7.8 m/s
» 2.6 mM/s
» 2.6 Mm/s
-7.8 m/s
»-13.0 m/s
»-18.2 m/s
»-23.4 m/s
»-28.6 m/s
»-33.8 m/s
»-39.0 m/s

Pdf File: 250_PPV.ppi
Clutter Filter: [IRDoppler 8
Time sampling:40

PRF: 500 Hz/ 375 Hz
Range: 300 km
Resolution: 1.000 km/pixel
Elevation: 0.2 deg

Data: Radar Data

Rainbow® SELEX-SI
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Doppler Dilemma

C-A
V. I =T=const.

Mmax max
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IMD SCAN

IMD C SCAN
Elevation : 2 Elevations 0.2, 1.0

Products : PPl (dBZ)= 500 KM PRF: 300

IMD B SCAN
Elevation : 10 Elevations 0.2,1.0,2.0,3.0,4.5,6,9,12,16,21
Products : PPI (dBZ)150-PPI(V)250-MAX(Z)250-SRI(100)-PAC(100)-VVP(30)

PRF : 600/450Hz

10 miniitec far total ceoan
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UNDERSTANDING
THE DWR PRODUCTS
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The Radar Volume Scan
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General concepts

-uuxrrtl'l):'...:-‘ ’..' |

Ray formed by bins

ANTENNA
FEEDHORN

STRUTS

- PULSE LENGTH 96 Degree Beam Resolution

+“—r +“—r D = Beam Width

i Radar resolution with respect
to beam width / range

BEAM WIDTH

PULSE VOLUME

IfR= 60 ki 120 km 180 km 240 km
D= 1 km 2 km 3 km 4 km

PULSE VOLUME

I T == ST
INDIA METEOROLOGICAL DEPARTMENT




Radar Beam Broadening and Comparing Two Radars

The same thunderstorm looks Actual
differently on two different

C“R\ radars. .
]

-'-__h_H_

iy & “‘\-.__\--

™

60 dBZ
Ve Core

-‘-\"-..

——

The 60dBZ core is averaged with echoes P
that are less than 60 dBZ to produce an— < 60 dBZ

echgthatis less th dBZ.

e e
““Radar “A” is farther away from
the storm, so it has a wider Radar “B” is closento the storm, soit’
has a narrower beam when detecting

beam when detecting the 60
dBZ core. the 60 dBZ core, which completely
Radar "A" NS T DA Radar "B"
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PPI(dbZ)

PPl (dBZ)
05:20 / 11-Oct-2014
Visakhapa

+60.0 dB

+»56.0 dBZ
»52.0 dBZ
»48.0 dBZ
»44.0 dBZ
»40.0 dBZ
»36.0 dBZ
»32.0 dBZ
»28.0 dBZ
»24.0 dBZ
»20.0 dBZ
»16.0 dBZ
»12.0 dBZ
» 8.0 dBZ
» 4.0 dBZ
» 0.0 dBZ

Pdf File:
Clutter Fi

APZ.ppi
RDoppler 8

: 500 Hz / 37
Range: 150 km
Resolution: 0.500 km/pixe
levation: 0.2 deg

- Radar Data

Rainbow &
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40 dbZ is equal to 10 times 30dbZ

RAINFALL CATEGORY
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Distance of cloud from ground
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MAX (dBZ)
12:40 / 11-Oct-2014
Visakhapatnam

»60.0 dBZ

+56.0 dBZ

»52.0 dBZ
»48.0 dBZ
»44.0 dBZ
»40.0 dBZ
»36.0 dBZ
»32.0 dBZ
»28.0 dBZ

+»24.0 dBZ

\»20.0 dBZ

+»16.0 dBZ
+12.0 dBZ
+ 8.0 dBZ
» 4.0 dBZ

0.0 dBZ

»

Pdf File: 250_Z.max
Clutter Filter: IIRDoppler 8
Time sampling:40
PRF: S00 Hz / 375 Hz
Range: 300 km
Height: 0.100 km to
18.000 km
Hor Res: 1.000 km/pixel
Vert Res: 0.089 km/pixel
Data: Radar Data
Rainbow® SELEX-SI
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Surface rainfall Intensity

SRI (dBR)
04:20/11-Oct-2014
Visakhapatnam

»100.0 mm/h

» 50.1 mm/h

» 25.1 mm/h

» 12.6 mm/h

» 6.3 mm/h

» 3.2 mm/h

r 1.6 mm/h

* 0.8 mm/h

» 0.4 mm/h

» 0.2 mm/h

» 0.1 mm/h
Pdf File: 100.sri
Clutter Filter: 1HRDoppler 8
Time sampling:40
PRF: 500 Hz / 375 Hz
Range: 100 km
Resolution: 0.400 km/pixel
Alg type: SRI
ZR: a=200, b=1.60
SRI H: 1.0 km
Data: Radar Data

Rainbow® SELEX-SI
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Surface Rainfall Intensity
(SRI)

It is pictorial presentation of the rainfall intensity around
a radar station based on the reflectivity of clouds.

The FAIN YaAtLE is calculated using Marshall-Palmer
equation Z=ARb were R is the rainfall intensity

and A and b are constants. The value of A & b varies
from season to season and place to place.
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Surface Rainfall Intensity

W] ol e
Meters

|729 1T mm drops 1 3 mm drop

Z = J'N(D)DGdD

(729 drops/m?3)(1 mm)® (1 drop/m3)(3 mm)°®
729 mm®/m?3 729 mm%/m?3
29 dBZ. 29 dB.Z.

' -
k;%{; INDIA METEOROLOGICAL DEPARTMENT =



Surface Rainfall Intensity

_ Cubic o
" « . ] Meters
=S 1 i Eieipes 1 3 mm drop
R = Z[N(D)D*w,(D)dD
29 dB.Z. 29 dB.Z.
R, = 6.55 mm/hr. R, =0.3564 mm/hr
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f East wind

CAPPI {V) Virap VeloCity of the drop
22:44 / 16-Okt-2004 Vi fall velocity of the drop
Rzeszow vy horizontal velocity due to wind field
v, radial velocity,
the only component which can be
“seen” by Doppler radar
Pdf File: cappil100.cappi
Clutter Filter.  None
Time sampling 25
PRF: 1200 Hz /900 H2
Range: 100 km
Resolution:  0.400 km/pixel
Height: 2.000 km
Alg type: PC&PPI T B
CAPPI Range: 3 km to 115 km
Data: Radar Data Vy=-20ms1 V.
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VVP 30 Km

VVP (V)
07:20 / 11-Oct-2014
Visakhapatnam
Pdf File: 30.vvp
Range: 1 km to 30 km
Clutter Filter: IIRDoppler 8
Time sampling:40
PRF: 500 Hz /375 Hz
Alg type: Complete
Elevation: 0.2 deg to 21.0 deg
Secondreg: On

Rainbow® SELEX-SI

The wind barb
presentation
displays the
horizontal wind
velocity and
direction of a
vertical cylinder
around the radar
site over the time
axis.

* Moisture influx at lower
level

 Cloud Movement at
higher levels

* Veering at low to mid
and backing from mid to
high(instability)

« Backing at low levels
(stability)
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VSHEAR (Shear)
18:01 / 22-Mar-2018
Visakhapatnam

»20.0 m/s/km
»17.1 m/s/km
"5 14.3 m/s/km
»11.4 m/s/km
» 8.6 m/s/km
» 5.7 m/s/km

» 2.9 m/s/km
» 0.0 m/s/km
' Pdf File: vsk2.vshear

Clutter Filter: IIRDoppler 7
Time sampling:50
PRF: 600 Hz / 450 Hz
Range: 50 km
Resolution: 0.200 km/pixel
Height: 0.400 km to 0.600 km
Base Wind: Auto
Data: Radar Data

Rainbow® SELEX-SI
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File :
Type :
Range:

2005102609151101, ppz

BRI
50,0 km

26.10.2005
09:15:11
BZ )
S Just Pelow
e freezing level
B 46.7 - 50.0
433 - asl7 * lce crystals are
40.0 - 43, i
S 00 surrounded in the
S surface by water
B 23.3 - 26.7 -
W 200 - 233 droplets during
| ens we :
B 10.0 - 13.3 meltlng
[ ]
S Gives very high
gg:z EBS; é?gok:m reflecthlty
Disp R : 50 km
Disp Res: 0,250 km
PW : Short
PRF: 1000 / 0
AS : 15,00 deg/s
TS : 66
RSEtaS
CC : Doppler 7
SQI: 0,20
CSR: 10.0 dB
LOG: 2.0 dB
RZ : 0,.0-359,0
ELS = 9.0 deg
CDR Chennai
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File

Type :
Range:

2007061905303430, ppv

P

PI (V)
30,0 km

-

(3

A\

&

)

N
)

%m—

19.06.2007
05:30:34

m/s
B 13.0-

|
0
.
o
1

Disp Res: 0,150 km

PW : Short

PRF: 600 / 450
8.50 deg/s

)
RSIETNE

+ Doppler 8
SQI: 0,35
CSR: 15.0 dB
LOG: 2.0 dB

EL ; 9.0 deg

CDR Chennai

0,0-359,0

2007061305303476. vp2

L1}

05:30

19.06.2007
05:30:34

CDR Chennai
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Divergence

5

-30-25-20-15 -10 -5 0 5 10 15 20 25 30 m s

ey ey T *
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Convergence

-30-25-20-15 -10 -5 0 5 10 15 20 25 30 ms™
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Instability
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» - Single cell thunderstorm

» - Multiple cell thunderstorm
- Squall line system

s - Super Cell thunderstorm

NS

5

*

o

Dr. D. Pradhan, Scientist-G, Instruments, IMD
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Single cell storms

*» A single cloud development moves independently
without merging with any other cloud is termed as a

single cell storm.

¢ Such storms normally occur in environments where
winds are relatively light and vertical wind shear is
small.

** The life of such storms is usually 60-90 mts from
development to dissipation.

¢ Such thunderstorms move with average speed of
40-45 km/h.
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Type :
Range:

MAX {2}
300,0 km

18.(

16,0
14,0
12,0
10,0
8,0

VO« VT« LVVTT

18:57:18

dBZ

B 57.3 - 60,0+>

B 54.7 - 57.3

B 52.0 - 54,7

B 49.3 - 52,0
46,7 = 49,3
44,0 - 46,7
chl g = all()
38.7 — 41.3
B ERIOIESIA 7
333 = 36,0

B 30.7 - 33.3

B 28.0 - 30.7

B 25.3 - 28,0

B 22.7 - 25.3

B 20.0 - 22,7

CALCUTTA

Scan R : 250 km

Scan Res: 0,50 km

Disp R : 300 km

Disp Res: 1.200 km

PW : Short

PRF: 600 / 450

AS : 7.50 deg/s

TS ¢ 48

RS ¢ 1

CC : Doppler 5

SQI: 0,25

CSR: 30,0 dB

LOG: 2.0 dB

H ¢ 18,00 km
LS : 0,100 km

Doppler Weather Radar
Kolkata
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Multi cell storms

“*These storm systems consist of a series of evolving
cells which typically form on or near the storm
periphery at 10-15 minutes intervals.

‘*Each cell eventually becomes the dominant cell of
the storm complex, building to higher levels as it
approaches and finally merges with the main storm

complex.

“* The life of such storms is usually 2-3 Hrs from
development to dissipation.

¢ Such thunderstorms move with average speed of
40-45 km/h.
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File :
Type @
Range:

2009061010043478, caz
MAX (Z)
300,0 km

10.06.2009
10:04:34
dBZ
B 57.3 - 60,0+>
B 54.7 - 57.3
B 52.0 - 54,7
B 49.3 - 52,0
46,7 - 49.3
44,0 - 46,7
41,3 - 44,0
BEHNIE =173
ma = EEL
Lnk) = Z{5n0)
B 30,7 - 33.3
B 28.0 - 30.7
B 25.3 - 28.0
B 22.7 - 25.3
B 20.0 - 22,7
KOLKATA_India
Scan R : 500 km
Scan Res: 1,00 km
Disp R 3 300 km
Disp Res: 1,200 km
PW : Long
PRF: 300 / 0
AS : 12,00 deg/s
TS ¢+ 25
RS
CC : Doppler 10
SQI: 0,25
CSR: 10,0 dB
LOG: 2,0 dB
H 18,00 km

LS :  0.100 km

Doppler Weather Radar
Kolkata
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Squall Line

» A chain of thunderstorms joined together with
length more than 60 km.

» Width to length ratio 1:10.

» Structure is sometimes linear but most of the times
as a ‘BOW Echo’.

» More the convex Is the structure, more intense Is
the system.

» The life of such storms is usually 3-6 Hrs from
development to dissipation.

» Such thunderstorms move with average speed of
70-100 km/h.
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Squall Line (contd.)

»Height of the associated clouds may be of the order
of 16-18 km but sometimes it has been found that the

top of the clouds reaches to 20 km.

» Strong downdrafts of the order of 100-120 km/h may

be originated by such “Squall line” configurations.
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+30.7 dBZ
»28.0 dBZ
+25.3 dBZ
»22.7 dBZ
»20.0 dBZ

A 3 . [ SRS Pdf File: 250Z.max

T v Ao ; : Clutter Filter: IIRDoppler 8

i,i : f : Time sampling:44

: & PRE: 600 Hz / 400 Hz

S 3 Range: 250 km

Height: 0.100 km to
18.000 km

Hor Res: 1.000 km/pixel

Vert Res: 0.089 km/pixel

Data: Radar Data
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Super Cell Thunderstorm

»Supercell storms are larger, intense and persistent and
normally produce more severe weather than other type of
thunderstorms.

» A highly organized internal circulation that reaches a nearly
steady state enables the super cell to propagate
continuously.

» Usually associated with Hailstorms and Tornadoes.

» The life of such storms is usually 6-8 Hrs from development
to dissipation and sometimes more.

» Such thunderstorms move with average speed of 70-80
km/h.
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12.03.2003
08:48:54

dBZ

B 66.0 - 70,0+>

B 2.0 - 66,0

B 58.0 - 62.0

B 54.0 - 58,0
50.0 - 54,0
46,0 - 50,0
42,0 = 46,0
38.0 = 42,0
34,0 - 38,0
30,0 - 34,0

B 26.0 - 30.0

B 22.0 - 26,0

B 18.0 - 22.0

B 14.0 - 18.0

B 10.0 - 14,0

CALCUTTA

Scan R : 250 km

Scan Res: 0,50 km

Disp R : 250 km

Disp Res: 1,250 km

PW : Short

PRF: 600 / 450

AS : 7.50 deg/s

TS ¢ 48

RS

CC : Doppler 5

SAI: 0,25

CSR: 30,0 dB

LOG: 2,0 dB

H 18,00 km

LS ¢  0.100 km

C.D.R. KOLKATA



0848 UTC

\ 1218 UT

0918 UTC
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Thank vou
Any Questions?
bibraj.r@imd.aov.in




