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Evolution of Radar



Radar Room

• Just below freezing 
level

• Ice crystals are 
surrounded in the 
surface by water 
droplets during 
melting

• Gives very high 
reflectivity



Radar Equipment : Radome & Antenna



How RADAR Works?



Lets find the range



Radar – Frequency bands
Band Designation Frequency Wavelength

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



Power Transmission

Light Bulb = 40 W
Peak powers
S Band Radar = 750000W(klystron)
C band  Radar = 2500000W(klystron)
X band Radar  = 400 W (SSPA)
Received power after hitting the target / minimum 
detectable signal is

 =  0.000000000000005011 W 
= 5 x 10 -15 W
= 10 log ( 5 x 10 -15 / 1 mW) dbm
= -113 dbm



 Why do we need db?



           The Radar Equation



    What is actually Reflectivity?



Decibels

      40 dbZ is equal to 10 times 30dbZ



 Factors affecting Radar Propogation





The Radar Volume Scan



       What Height am I looking at?



Super Cyclone AMPHAN



Sub and Super Refraction



 Different types of clutter

Clutter can be classified into 3 groups 

(i) Ground clutter (land clutter(Buildings/wind 
turbine and sea clutter – Lower elevations) 

(ii) Air borne clutter (Biological targets 
(insects/bird)/Air-planes/ Aerosols/Particulate 
matter) 

(iii) Interference clutter (sun/Transmitting Antenna).
“An analysis of Anomalous propagation parameters and its effect on the intensity of clutter in weather radars”, 

R.Bibraj, B.Arul Malar kannan, K. Ramachandra Rao and K.C.Saikrishnan, Mausam ,71,1(January 2020), 11-20



Clutter Echoes 
• Multi Radar                   Velocity Standard Echoes             Dual Polarization 

Radars



Side Lobes in the beam



Bright band

• Just below freezing 
level

• Ice crystals are 
surrounded in the 
surface by water 
droplets during 
melting

• Gives very high 
reflectivity



Attenuation

Attenuation correction using Dual Polarization Techniques



Beam Blockage 





Beam Blockage 



Radar Resolution



Bin Resolution and Beam Width

 Beam Width = 70λ / D

Range res   
  

Pulse width  

 Peak Power 



Beam Broadening



Pulse Repetition frequency

Lets say, 
Pulse has to travel 500 km
(to and fro 1000km)
Speed is 3 x 10 8 m/sec

Time taken: distance/speed

PRT = 3 milli seconds

PRF = 1/ PRT

PRF = 300 pulses /sec (Hz)



    How Radar detects the signal



Range Folding
FOR LONGER RANGE – LOW PRF, HIGH PRT





Doppler radar principle



Doppler radar principle



PPI(V)









Velocity Folding
 If a particle's radial velocity is outside the range of the  interval, then the radial 

velocity will be aliased, or folded. This is called velocity folding/aliasing.
 Example: if max velocity 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 -->>
 Vmax = Nyquist Velocity
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For Higher Velocity – High PRF, Low PRT
For Longer Range – Low PRF, High PRT

DOPPLER DILEMMA



Techniques to manage velocity Folding



Manual unfolding
V max = -47 m/s
= 169 km/hr for 
600/450Hz

1st Folding Max=
340 km/hr

Cyclone cannot 
have wind speed to 
give 2nd folding

Manually convert 
the max velocity for 
Bulletin



Works for 1st Folding only

Unfolded velocity

= 2Vmax + folded velocity

= -2Vmax + folded velocity 



Algorithms for de-aliasing

”De-aliasing velocity folding and estimation of surface wind 
speed in Cyclone using Doppler weather Radar products “ , 
Bibraj R, K Ramachandra Rao , Journal of Polytechnics in 
Andhra Pradesh, 3(1), 51-55, 2019





High Spectrum Width Low Spectrum Width





Rainbow Software









PPI(dbZ)



Constant Altitude PPI 



PPICAPPI





Max(Z)



TOP VIEW

N-S VIEW

E-W VIEW







VVP 30 Km

• 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)





Prediction of
 Shear Zone



Low level 
Wind Shear



Low level Jet



Prediction of 
Vertical TILT 
of circulation

vortex (Depression) 

V S K
Lower levels

middle levels

higher levels
Vertical Tilt 



Surface rainfall Intensity



Surface Rainfall Intensity 
(SRI)

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

The rain rate 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. 



Surface Rainfall Intensity



Surface Rainfall Intensity



PAC



Range Height Indicator



Vertical Cut



VCUT vs RHI



Uniform Wind technique



Uniform Wind technique



Vertical Wind shear



Horizontal Shear



Azimuth Shear



Elevation Shear



Echo Top/Base



Point Rainfall Total



Vertical Integrated Liquid
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