
Frequently asked questions on radars and their answers 

 

Q: What is a radar? 

A: Radar is acronym for Radio Detection and Ranging.  It uses electro-magnetic waves in microwave region to detect 

location (range & direction), height (altitude), intensity (in case of weather systems) and movement of moving and 

non-moving targets. 

 

Q: What is the working principle of radars? 

A: Radars are used for detection of aircrafts, ships, weather systems and a variety of other applications.  Our discussion 

is restricted to weather radars only.  Radar transmitter transmits electro-magnetic waves through a directional 

antenna in any given direction in a focused manner.  A part of the transmitted energy is absorbed by the 

atmosphere.  Some of the energy travels further through the atmosphere and a fraction of it is scattered backward 

by the targets and is received by the radar receiver.  The amount of received power depends upon radar parameters 

like transmitted power, radar wavelength, horizontal and vertical beam widths, scattering cross section of the target 

atmospheric characteristics etc., In case of weather echoes like clouds it depends also on physical state (raindrops, 

snow, hail etc.) and drop size distribution hydro meteors.  The amount of return power provides information about 

the intensity of weather systems and azimuth & elevation of the antenna gives the location and height of the cloud 

systems.  The time taken in to and fro journey of the electromagnet waves gives the range (or distance from radar) 

of the targets.  Modern day radars, viz., Doppler Weather Radars, employ Doppler principle to provide information 

about the speed and direction of the moving targets. 

 

Q: What is Doppler Principle? 

A: When the source for signals and the observer are in relative motion, there is change in frequency (wavelength) 

observed by the observer.  In case the source and observer are moving closer, frequency increases and vice versa.  

The principle was first discovered by Austrian   physicist Christian Doppler, hence named after him as Doppler 

Principle. 

 

Q. How do Doppler Radars measure target velocity? 

A: Doppler Radars compares the frequency of transmitted and received signals and compute the difference in frequency.  

The (positive or negative) Change in frequency is directly proportional to the velocity of the target towards or away 

from the radar.  Thus target velocity is calculated from the change in frequency observed by the Doppler radars. 

 

Q:     Iƻǿ Ƴŀƴȅ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜǎ ƻŦ ǊŀŘŀǊ ŀǊŜ ōŜƛƴƎ ƻǇŜǊŀǘŜŘ ŎǳǊǊŜƴǘƭȅ ƛƴ La5Ωǎ wadar network? 

A IMD is currently operating a network of 40 radars. These can be classified on the basis of their use              as 

follows : 



(a) Cyclone Detection Radars (CDRs) ςS-band (10 cms. Wave length) 

 

Eleven numbers of S ς Band high power radars are located along east and west coasts of India and are used 

primarily for detection of cyclones approaching the Indian Coast. 5 of these radars are sate of art DWRs 4 of which 

were procured from M/s Gematronik, Germany and are installed at Chennai, Kolkata, Machilipatnam and 

Visakhapatnam. One DWR installed at Sriharikota, Andhra Pradesh has been developed under ISRO- IMD 

collaboration.  During periods other than cyclone season, some of these radars are also used for detection of storms 

and other severe weather phenomenon for use in local forecasting.  The effective range of these radars is 400 Km. as 

shown in Fig.1. 



 

Fig.1. Cyclone Detection radar Network. 

 

(b) Storm Detection Radar (SDR) ς X-band (3 Cms. Wave length) 

 



Ten numbers of medium power X - Band radars are located mostly near airports; they detect localized 
weather phenomenon like thunderstorm, squalls etc. for aviation use. The effective range of X - Band radars is 250 
Km.  In addition, two more S-band radars (10 cms.) have been installed at  Jaisalmer and Sriganganagar for storm 
detection.  

 

(c) Multi-Met Radar ( MMR ) ς X-band (3 Cms. wavelength) 

 

17 Numbers of multi-ǇǳǊǇƻǎŜ aŜǘŜƻǊƻƭƻƎƛŎŀƭ ǊŀŘŀǊǎ ƻǇŜǊŀǘƛƴƎ ƛƴ ǘƘŜ La5Ωǎ ƴŜǘǿƻǊƪ ŀǊŜ · - Band wind 

finding ς cum ς weather radars. Location of Storm Detection and Multi-Met radars is shown in Fig.2.  IMD had 

conceptualized the idea of integrated upper air sounding system built around X-Band wind finding cum weather 

radar, along with receiver equipment for Radio sonde observations (using 401 MHz Radio Sonde transmitter).  

These radars are operated for upper wind observations at 00 & 12 UTC hours.  During day time and when required 

these are operated in weather mode for local forecast & aviation use. 

 

Following Table gives details of locations of existing radars along with dates of their installations and use. 

 

(Date of radar commissioning shown in brackets against each station) 

 

CYCLONE DETECTION RADAR STORM DETECTION 

RADAR 
MULTIMET RADAR 

Conventional                   DWR 

1. PARADIP 

    (01.05.86) 

2. BHUJ 

      

(24.01.87) 

3. KOCHI 

     (28.09.87) 

4. MUMBAI 

    (04.05.89) 

5. GOA 

   (15.05.2002)  

6 KARAIKAL 

    (21.10.89) 

1. CHENNAI 

   (21.02.2002) 

2. KOLKATA 

    (29.01.2003)  

3.MACHILI PATNAM 

   (08.12.2004) 

4.VISAKHAPATNAM  

(26.07.2006) 

5. SRIHARIKOTA 

     (09.04.2004) 

1. MUMBAI 

   (24.03.86) 

2. SRIGANGANAGAR 

   (31.03.88) 

3. LUCKNOW 

   (14.12.89) 

4. AGARTALA 

    (09.03.90) 

5.NAGPUR 

   (31.05.90) 

6.NEW DELHI 

   (09.09.92) 

1. MOHANBARI 

  (23.04.79) 

2. PATNA 

  (24.09.83) 

3.BHOPAL 

   (06.10.83) 

4. PATIALA 

  (22.11.84) 

5.SRINAGAR 

   (28.10.85) 

6.MACHILIPATNAM 

  (12.05.86) 



 

 

 

 

 

7. JAISALMER 

  (19.04.93) 

8. CHENNAI 

   (29.01.96) 

9. RANCHI 

     (17.06.96) 

10. KOLKATA 

    (05.08.96) 

11. GUWAHATI 

     (28.11.96) 

12.DELHI (HQ)  

S-BAND RADAR AT 

MAUSAM  BHAWAN 

      (20.01.91) 

7.  KARAIKAL 

  (06.11.86) 

8.HYDERABAD 

  (14.10.90) 

9.CHENNAI 

   (14.02.91) 

10.THIRUVANANTHAPURAM 

   (14.11.91) 

11. DELHI(HQ) 

    (05.11.92) 

12. BANGALORE 

     (12.01.96) 

13.AHMEDABAD 

  (12.06.96) 

14. BHUBANESWAR 

   (22.06.96) 

15.  GOA 

  (01.07.96) 

16. MANGALORE 

  (16.08.96) 

17. VISAKHAPATNAM 

  (13.11.96) 

 



 

Fig.2. Storm Detection and Multi-Met Radar network 

 

 



Q:   What are the meteorological products available from DWRs? 

A: The base parameters available from Doppler Weather Radars are Reflectivity (Z), radial velocity (V) and spectral width 
ό˖ύΦ  .ŀǎŜŘ ƻƴ ǎǘŀƴŘŀǊŘ ŀƭƎƻǊƛǘƘƳǎ ŀƴŘ ŀǎǎǳƳǇǘƛƻƴǎΣ ǾŀǊƛƻǳǎ ǇǊƻŘǳŎǘǎ ƻŦ ǇǊŀŎǘƛŎŀƭ ǳǘƛƭƛǘȅ ŦƻǊ ƛǎǎǳƛƴƎ ŦƻǊŜŎŀǎǘǎ ŀƴŘ 
warnings are generated from these base parameters; they are published in the IMD web site for easy access.  Some 
of the displays and derived products below: 

 

i. PPI - Plan Position Indicator 

This product is same as available from conventional radars. A constant elevation surface data is presented as a cloud 

image around the radar station. The data displayed is on the slant range depending on the elevation angle (generally 

0.5 degree); thus the PPI is quite similar to a classical radar display.   

 

ii. RHI - Range Height Indicator 

This product is same as available in conventional radars.  A display is generated with the range on the X-axis and the 

height of the cloud targets on the Y-axis.   A Cartesian grid is displayed as an overlay to facilitate reading height of 

clouds. This grid is bending along the X-axis to show the effect of earth curvature correction. 

   

iii. MAX - Maximum (reflectivity) Display 

The Maximum Product uses a polar volume raw data set, converts it to a Cartesian volume, generates three partial 

images and combines them to the displayed image. The height and the distance between two Cartesian layers are 

user definable. The partial images are: 

ü A top view of the highest measured (reflectivity) values in Z-direction. This image shows the highest 

measured value for each vertical column, seen from the top of the Cartesian volume.  

ü A north-south view of the highest measured values in Y ςdirection. This image is appended above the top 

view and shows the highest measured value for each horizontal line seen from north to south.  

ü An east-west view of the highest measured values in X-direction. This image is appended to the right of the 

top view and shows the highest measured value for each horizontal line seen from east to west. 

This single product provides distribution parameters measured by DWR in three dimensional spaces.  

  

iv.  CAPPI - Constant Altitude PPI 

The CAPPI (Constant Altitude Plan Position Indicator) product uses a volume data set of the selected data type ς Z, V, 

W - as input. The CAPPI algorithm generates an image of the selected data type in a user-definable height (layer) 

above ground. 

  

v. PCAPPI - Pseudo CAPPI 



The Pseudo CAPPI product takes a volume data set of the selected type - Z, R, V, W -as input. The Pseudo CAPPI 

algorithm generates an image of the selected data type in user-selectable height above ground. The generation 

scheme is nearly the same as for the standard CAPPI product. Additionally, the possible "no data" areas of the 

standard CAPPI close to the Radar site and at lager ranges are filled with data of the corresponding elevation: at short 

ranges the data are taken from the highest elevation until this beam crosses the defined height, and for large ranges, 

where the lowest beam is higher than the defined height, the data accumulation follows the lowest beam. 

  

vi. VCUT - Vertical Cut 

The VCUT displays a vertical cut through a polar volume raw data set. The position of the vertical plane is defined by 

two points A and B) chosen by user interactively on DWR product. The display shows height over distance with point A 

at 0 km. The main advantage of VCUT from RHI is, that the positions of A and B can be defined interactively. A new 

product image is generated, as soon as the newly defined positions for A and B are saved. 

    

vii. ETOP - Echo Top 

The echo top algorithm uses a polar volume raw data set. The display shows the uppermost height where the 

measured value is within a user-defined range. Minimum and maximum height of the volume to be searched is also 

user definable. 

  

viii. EBASE - Echo Base 

The echo base algorithm uses a polar volume raw data set. The display shows the lowermost height where the 

measured value is within a user-defined range. The maximum height of the volume to be searched is user definable.  

ETOP and EBASE displays are similar to PPI display and provide heights of cloud top and base respectively in kilometre.  

 

ix. VAD - Velocity Azimuth Display 

The VAD displays the radial velocity versus the azimuth angle for a fixed elevation and a fixed slant range. The 

elevation and the displayed range (= slant range) are user selectable. The range of the velocity axis is always from -1.0 

to 1.0. This range represents the measured range. The real value of the measured range is displayed in the legend.  

For a uniform wind field, VAD is a true sinusoidal curve.  The minima represent the direction of approaching wind 

and maxima give the direction for receding wind. The speed can be calculated by multiplying amplitude of the sin 

curve with maximum unambiguous velocity of the observation.   

x. VVP2 - Volume Velocity Processing (2) 

 

The VVP(2) displays the horizontal wind velocity and the wind direction in a vertical column above the radar site. 

These quantities are derived from a volume raw data set with velocity data. A linear wind field model is used to derive 

the additional information from the measured radial velocity data. The algorithm calculates velocity and wind 

direction for a set of equidistant layers. The user can choose one of two ways to display the results: 



a) Vertical profile diagram of speed and direction 

Speed and direction are displayed in separate diagrams. The first diagram shows height over wind direction, the 

second diagram shows height over wind speed. 

b) Wind barbs 

This version displays speed and direction in a height over time diagram. Wind barbs are used to indicate wind speed 

'and wind direction. A column of wind barbs shows velocity and direction for a time step, subsequent columns show 

the wind profile for subsequent VVP(2) product generations. 

  

xi. Uniform Wind Technique 

This product shows horizontal wind vectors at user defined grid points in any top projection image as overlay.  The 

algorithm calculates tangential component using Uniform Wind Technique.  Several validation procedures are 

conducted before estimating the horizontal wind. In this techniques wind field is assumed to be uniform in selected 

grid boxes and tries to restore tangential component. Horizontal wind is calculated by using the formula 

  

V = (Vr2 + Vt2)½ 

The horizontal wind vectors are displayed in any top projection image as overlay.  

  

xii. VIL - Vertical Integrated Liquid 

The aim of the VIL product is to give an instantaneous estimate of the water content residing in a user-defined 

atmospheric layer in the atmosphere. For this reason, the VIL product will need volume scan reflectivity data. These 

reflectivity data are converted into liquid water content data using following relationship: 

Z = C * MD  

Where Z ς reflectivity [mm
6
/m

3
], M ς Liquid water content and C and D are constants. The values of C and D depend 

on the type hydrometeors. 

For each vertical column the liquid water content is integrated within the user defined boundaries of the atmospheric 

layer. The resultant vertically integrated liquid water VIL in [mm] is displayed in a PPI type image. This product is an 

excellent tool to indicate the rainfall potential of a severe storm.  

 

xiii.  SRI - Surface Rainfall Intensity 

The SRI generates an image of the rainfall intensity in a user selectable surface layer with constant height above 

ground.  A user definable topographical map is used to find the co-ordinates of this surface layer relative to the 

position of the radar. This map is also used to check for regions, where the user selected surface layer is not accessible 

to the radar. These parts of the image will be filled with the NO DATA value. The product provides instantaneous 

values of rainfall intensity.  The estimated values of reflectivity are converted to SRI by using Z=ARb relationship 



(Marshall et al. (1947) where R is the rainfall intensity and constants A and b are constants. The value of A & b varies 

from season to season and place to place.  

 

xiv.  PAC - Precipitation Accumulation 

The PAC product is a second level product. It takes SRI products of the same type as input and accumulates the rainfall 

rates a user-definable time period (look back time). Every time a new SRI product is generated, the PAC is updated by 

regeneration of the product. The display shows the colour coded rainfall amount in [mm] for the defined time period.  

The display looks similar to SRI product. 

 

xv. HHW - Hail Warning 

The input for the HHW product is a volume data set with reflectivity values. A Cartesian layer is searched for bins that 

match the hail threshold. A pixel in the product image is set if any of the Cartesian bins above this pixel has a 

reflectivity value that is higher than or equal to the hail threshold. Furthermore the layer should be above 1.4 Km from 

the freezing level.  The areas of probable and very probable are marked in different colours. 

  

xvi. GUF - Gust Front Detection 

The surge of gusty wind on or near the ground from the mesoscale high formed by descending cold air with down 

drafts is called gust front.  The spreading cold air undercuts the warm air prevalent in the atmosphere deflected 

ǳǇǿŀǊŘ ōȅ ƎǊƻǳƴŘ ŦǊƛŎǘƛƻƴ ŀƴŘ ŦƻǊƳǎ άǇǊŜŎƛǇƛǘŀǘƛƻƴ ǊƻƭƭέΦ  !ǎ Ƴŀȅ ōŜ ǎŜŜƴΣ ǿƛƴŘ ŘƛǊŜŎǘƛƻƴ ƴŜŀǊ ǘƘŜ ƎǊƻǳƴŘ ŀƴŘ ŀōƻǾŜ 

is not same. Further, the air near the ground moves more slowly due to ground friction than the air above it. This leads 

to increase in spectral width. The radars also receive weak returns (echoes) from gust front due to in refractive index 

gradients. The primary cause for this region of small scale fluctuation is turbulence. Doppler Weather Radar can 

detect gust fronts provided it is not moving tangentially with respect to radar.  

 

The Gust Front algorithm takes a polar or single elevation set of velocity data and searches for regions that match the 
Gust Front conditions. A parabola is matched to each of these regions by a least square fit. These parabolas are used 
as an overlay to the image of another product that is specified by the user. 

  

Q:   How can one get these DWR products? 

A: Six products namely PPI(Z), PPI(V), Max(Z), VVP2, SRI and PAC,  are uploaded  on departmental website. Other 
products can be obtained by individual radar stations on demand .Demand of products can also be placed with Dy. 
Director General of Meteorology (Upper Air Instruments) , India Meteorological Department, Lodi Road, New Delhi ς 
110 003.   The product will be supplied as per data supply policy of the department. 

 

Q:  How often the DWR products are updated on IMD's website? 

A: At  present six products are updated at 10 minutes interval. 

 



Q:      What are plans for modernisation of the radar network of IMD? 

A: Most of the radars in the network are very old and are based on old technology.  IMD has already taken up 
modernisation of the network in phased manner.  Four numbers of cyclone detection radars have already been 
replaced with state of art Doppler weather radars which are operational at Chennai, Kolkata, Machilpatnam and 
Visakhapatnam.  One Doppler weather Radar indigenously developed by ISRO is also functional at Sriharikota (Andhra 
Pradesh). 

  

In the first phase of modernisation 14 DWRs will be installed at Patiala, Lucknow, Delhi, Patna, Hyderabad , 
Nagpur, Mumbai, Goa, Karaikal, Agartala, Mohanbari, Paradip, Bhuj and Kochi.  In phase II and III all remaining 
radars will be replaced with DWRs.  DWRs also will be installed at few new locations to fill data gaps.  Two C-band 
Polarimetric DWRs will be procured and installed at Jaipur and Delhi. 

 

On completion of modernisation program, IMD will have 55 DWRs in its observational network. 

 

Q:  What is frequency of operation of weather radars? 

A: The weather radars operate in X, C and S band frequency.  Radars operating in Ku band are used for studying cloud 
physics and atmospheric research. 

 

Q: How do radars help in predicting the movement of weather systems? 

A: Radars provide instantaneous location of the weather systems which are plotted weather charts.    Future location 
of the system is predicted by extrapolation of the past track. 

 

Q:  What is the range of radar observations? 

A: The observational range of radar is limited by the attenuation of radar waves by rain and the earth curvature effect.  
Weather radar can detect systems up to a range of 600 Km but for velocity measurements, the effective range is 250 
Km. 

   

Q: Why do S-band radars are preferred at coastal stations? 

A: Electromagnetic waves suffer attenuation due to absorption of energy by raindrops. Attenuation of these waves 
increases with increase in frequency of radiation.  In S-band frequency, the attenuation is very less.  Coastal regions 
are battered by cyclones which produce heavy rainfall.  If radars of higher operating frequencies are installed in 
coastal regions, the radar rays will be obscured by heavy precipitation and hence effective coverage range of radar 
will be reduced. 

 

Q: Why Klystron Transmitters are preferred over magnetron Transmitters in DWRs? 

A:      Comparative study for klystron and magnetron transmitters is tabulated in following table which indicates   that 
performance of klystron transmitter is better: 

Feature Klystron Magnetron 



Design 

 

High power, high gain amplifier which allows 

coherent operation, linear beam design beam dump is 

not part of the signal interaction structure. 
Advantages:  

 Full control of the transmitted phase 

 Higher average power capability 

High power microwave oscillator. For 

Doppler operation the phase of each 

transmitted pulse must be sampled, 

as coherent -on-receive reference. 

Crossed-filed designed, beam energy 

is absorbed by anode which is also 

part of the microwave resonator. 

Phase stability 

 

Mainly depending on inter pulse stability' of gun voltage 
,typical system phase stability is 50-55 dB. 

Advantages: 

 ̧ 10-15 dB more clutter cancellation 

 capability; 

 ̧ Higher accuracy of velocity estimation 

Depending on inter pulse frequency 
stability, oscillation onset jitter and 
phase stability of the transmitting 
pulse sampling circuit. Typical system 
phase stability is 38- 40 dB. 

Frequency 
agility 

 

Easy to achieve 

Advantages: 

 Complete decorrelation of weather return 
signals 

 Reduces variance of reflectivity estimates 

  Smaller numbers of samples required ,increases 
scanning speed 

Very difficult, requires expensive 

special tubes 

Phase 

agility(Phase 

coding , Pulse to 

pulse phase 

shifting) 

 

Easy 

Advantages: 

 velocity dealiasing 

 Recovery of second trip Echoes 

 Support for future dealiasing techniques which 
require controlled phase 

The phase of each pulse is random 

with respect to previous pulse. 

Random ~ phase modulation is an 

inherent feature of magnetron 

transmitter 

Pulse 
compression 

 

Possible 

Advantages: 

 ̧ Suited for future upgrade of sophisticated pulse 
compression techniques 

Not possible 

 

Occupied Band 
width 

Spectrum can be controlled by shaping the amplified 
signal' ,no spurious only harmonic emissions. 
Advantages:; 

 ̧ Cleaner spectrum 

Harmonics and strong spurious 

emissions. Filters might be required 

 

Q: What are advantages Doppler weather Radars: 

A: Advantages of Doppler Weather Radar: 

 



One of the significant applications of radars over the last 40 years has been in real time weather 

monitoring and for research in Meteorology. Most of our current knowledge about the structure of thunderstorms, 

cyclones and other precipitating cloud systems comes from radar observation. Depending upon the radar being used, 

it is also possible to estimate or measure the number of droplets present, their sizes and whether they are in the form 

of water or ice within the cloud. 

 

Radars using Doppler techniques (i.e. Doppler Weather Radar) not only detect and measure the power 

received from a target (Reflectivity), but also measure the speed of the target towards or away from the radar (the 

Radial Velocity of the target) and Spectrum Width (indicator of wind sheer and turbulence in the atmosphere) 

 

The design of meteorological Doppler Radars has now been standardized and due to its additional capability 

of wind measurement, it is now replacing old conventional radars in most countries.  

 

A Doppler radar gives a number of derived products from the three base products viz. Reflectivity (which is a 
way to measure possible rainfall amount), Velocity and Spectrum Width Products based on reflectivity data are 
available from conventional radars as well. However since Doppler radar measures radial velocity of the echoes in 
addition to reflectivity it is easy to eliminate ground clutter (resulting from unwanted structure like buildings, hills 
etc.) and anomalous propagation echoes (arises from birds, insects or any other special atmospheric condition). Thus 
the accuracy of reflectivity estimates are better (generally by one order) from Doppler radar particularly in regions 
where ground clutter is a serious problem 

 

Q: What are the limitations of Doppler Weather radars in rainfall measurements? 

A: Radar observations are very effective tool for detecting tracking and monitoring their growth, decay and movement 
of weather system and issuing reliable forecast and warnings for severe weather events which can cause huge loss of 
life and property. These observations also provide rainfall distribution due the weather systems within effective range 
around the radar.  However, the use radar observations shall be used with much care as these are influenced by 
propagation through the atmosphere, earth curvature, blockage of radar beam by permanent structures, bright band 
occurrence, radar resolution etc. which may lead to erroneous  conclusions.  Some of the factors are explained 
below: 

(a) Propagation effect 

The atmosphere around the earth is non-uniform.  There is gradual decrease in refractivity with height which causes 

the radar waves to bend down wards. The bending depends on gradient refractivity instead of its absolute value. 

When the bending of radar waves due decrease in refractivity is equal to the earth curvature, the wave will travel 

ǇŀǊŀƭƭŜƭ ǘƻ ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜ.  Such an atmosphere is called standard atmosphere and the bending is called normal. 

The standard atmospheric conditions are not always present.  Therefore, the bending depending on refractivity 

gradient is some times grater or less than the normal. 

When the downward banding of the radar waves is stronger than normal this condition is called supper refraction.  

Under supper refraction conditions radar receives returns from ground which gives false indication of precipitation 

echoes. It also causes over estimation of cloud heights. 



In case the radar waves are not bent down ward as much as usual (normal reflection), under extreme conditions may 

bent upward.  This condition is called sub refraction. This decreases the radar detection range.  Under such 

condition radar under estimates the echo heights. 

(b) Radar resolution problem 

The radar beam width and thus the sampling volume increases with range.  Therefore, radar resolution at long 

distances is poorer.  This leads to distorted echoes at long ranges non-detection of multi trip echoes, tornado 

signatures. Two approaching echoes may appear as one and the receding echoes may appear to merge in one.  

(c)  Attenuation due to rain 

The attenuation of radar waves (especially for short wavelengths 5 cm or less) by rain at close distances may obscure 

precipitating echo at long ranges.  The stronger echoes at long distances may appear weak. Also, the precipitation 

area observed by radar may be less than actual. 

(d)  Partial beam filling 

In case the radar beam is not completely filled by hydrometeors, the echo will be displayed as if it is from entire beam.  

As such the values displayed will not be true representative of the sampling volume. 

(e)  Bright band 

In clouds, the precipitation particles are in the form of ice/snow above the freezing level and liquid water below it.  

When ice / snow particles fall through the freezing level, they start melting gradually and get coated with water but 

retain their large surface area.  Thus, to the radar melting snow will look like large drops.  As the water coated ice 

particles fall further and melt, their size decreases. Further, the reflectivity from ice is less than that from water for 

particles of the same size because the dielectric constant for ice is less than the water. Therefore, the radar observes 

slightly higher reflectivity below freezing level. Differential fall velocity of solid and liquid particle, aggregation and 

coalescence of particles play role in increase of reflectivity in this layer.  

The identification is of practical importance in rainfall estimation.  Attenuation and reflectivity values from a bright 

band are high.  Radar estimates of precipitation are required to be corrected if the radar beam cuts the bright band.  

 

(f) Beam blockage 

If the beam is obstructed by man made or natural objects (building, trees, hills etc), the radar will not be able to probe 
beyond the range of obstruction.  If the beam is partially blocked, observations will not true representative of the 
area. As we probe with distance, the bin volume increases with range. A small obstruction which completely blocks a 
range bin very close to the radar causes no data beyond that obstruction for the rest of the range in that particular 
elevation.  Therefore, the data in respect of these bins is needs correction before processing it for computation of 
rainfall estimates. 

 

Q:  What is the principle of working of polarimetric radar? 

A: Dual-polarization weather radars transmit vertically and horizontally polarized electromagnetic waves alternately and 
receive and process both type of polarized backscattered signals. The backscattering characteristics of a single 
precipitation particle are described in terms of the backscattering matrix. By comparing these backscatter signals in 
different ways (ratios, correlation etc.), we can obtain information on the size, shape, class and precipitation rate etc. 



 

Q: What do Polarimetric Radars measure? 

A: Some of the fundamental variable measured by polarimetric radars and their brief description is given below: 

 

(a) Differential Reflectivity (ZDR): The differential reflectivity is a ratio of the reflected horizontal and vertical power 

returns. Amongst other things, it is a good indicator of drop shape. In turn, the shape is a good estimate of average 

drop size.  

(b) Correlation CƻŜŦŦƛŎƛŜƴǘ όˊHV): The correlation coefficient is a correlation between the reflected horizontal and vertical 

power returns. It is a good indicator of regions where there is a mixture of precipitation types, such as rain and snow.  

(c) Linear Depolarization Ratio (LDR): The linear depolarization ratio is a ratio of a vertical power return from a 

horizontal pulse or a horizontal power return from a vertical pulse. It too is a good indicator of regions where a 

mixture of precipitation types occurs.  

(d) Specific Differential Phase (KDP): The specific differential phase is a comparison of the returned phase difference 

between the horizontal and vertical pulses. This phase difference is caused by the difference in the number of wave 

cycles (or wavelengths) along the propagation path for horizontal and vertically polarized waves. It should not to be 

confused with the Doppler frequency shift, which is caused by the motion of the cloud and precipitation particles.  

 

Q: How do the Polarimetric Radars help in rainfall estimates? 

A: Specific Differential Phase (KDP), is related to precipitation rate (R) by power law relations of the form R= A KDP
b 

Following R- KDP relations are considered to appropriate for rainfall rate estimations: 

R = 44 KDP
0.822            for     ˂  = 11 cm 

R = 25.1 KDP
0.0.777            for     ˂  = 5.45 cm 

      R = 19.9 KDP
0.803            for     ˂  = 3.2 cm 

 

Q: Why are the rainfall estimates from Polarimetric radars are more accurate? 

A: Normal radars estimate rainfall intensity using Z=ARb relationship where Z is the Z radar measured reflectivity, R the 
Rain rate A and b are constants.  Values A and b depend on Drop Size Distribution which is not the same for all places 
and seasons and type of rain.  As the values of these constants are to be determined for different seasons, places and 
types of rain.  Wrong values of A and b constants lead to erroneous rainfall rates.  Also, rainfall estimates are 
influenced by bright band, partial beam filling, Beam blockage, errors in radar calibration, attenuation of radar beam 
by rain etc.  KDP is calculated from relative phase measurements and therefore immune to: 

o Errors in Radar calibrations  

o Partial beam blockage or partial beam filling 

o Attenuation of electromagnetic waves due precipitation. 

In view of above rainfall estimates obtained from Polarimetric radars are more accurate. 



 

Q: What are the advantages of Polarimetric Radars? 

A: Following are the main advantages of polarimetric Radars: 

1. Rainfall estimates from Polarimetric radars are more accurate. 

2. Polarimetric parameters observed by these radars are used for hydrometeor classification. 

3. Polarimetric parameters are used for applying correction for attenuation of the radar beams due to rain etc 

4. Polarimetric radars are capable of identifying and mitigating the effects of ground clutter, anomalous 
propagation and non-meteorological scatterers, thereby providing more accurate  weather radar data. 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Subject: Frequently asked questions on radars and their answers. 

 

Q: What is a radar? 

A: Radar is acronym for Radio Detection and Ranging.  It uses electro-magnetic waves in microwave region to detect 

location (range & direction), height (altitude), intensity (in case of weather systems) and movement of moving and 

non-moving targets. 

 

Q: What is the working principle of radars? 

A: Radars are used for detection of aircrafts, ships, weather systems and a variety of other applications.  Our discussion 

is restricted to weather radars only.  Radar transmitter transmits electro-magnetic waves through a directional 

antenna in any given direction in a focused manner.  A part of the transmitted energy is absorbed by the 

atmosphere.  Some of the energy travels further through the atmosphere and a fraction of it is scattered backward 

by the targets and is received by the radar receiver.  The amount of received power depends upon radar parameters 

like transmitted power, radar wavelength, horizontal and vertical beam widths, scattering cross section of the target 

atmospheric characteristics etc., In case of weather echoes like clouds it depends also on physical state (raindrops, 

snow, hail etc.) and drop size distribution hydro meteors.  The amount of return power provides information about 

the intensity of weather systems and azimuth & elevation of the antenna gives the location and height of the cloud 

systems.  The time taken in to and fro journey of the electromagnet waves gives the range (or distance from radar) 

of the targets.  Modern day radars, viz., Doppler Weather Radars, employ Doppler principle to provide information 

about the speed and direction of the moving targets. 

 

Q: What is Doppler Principle? 

A: When the source for signals and the observer are in relative motion, there is change in frequency (wavelength) 

observed by the observer.  In case the source and observer are moving closer, frequency increases and vice versa.  

The principle was first discovered by Austrian   physicist Christian Doppler, hence named after him as Doppler 

Principle. 

 

Q. How do Doppler Radars measure target velocity? 

A: Doppler Radars compares the frequency of transmitted and received signals and compute the difference in frequency.  

The (positive or negative) Change in frequency is directly proportional to the velocity of the target towards or away 

from the radar.  Thus target velocity is calculated from the change in frequency observed by the Doppler radars. 

 

Q:     Iƻǿ Ƴŀƴȅ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜǎ ƻŦ ǊŀŘŀǊ ŀǊŜ ōŜƛƴƎ ƻǇŜǊŀǘŜŘ ŎǳǊǊŜƴǘƭȅ ƛƴ La5Ωǎ wŀŘŀǊ ƴŜǘǿƻǊƪΚ 

A IMD is currently operating a network of 40 radars. These can be classified on the basis of their use              as 

follows : 



(d) Cyclone Detection Radars (CDRs) ςS-band (10 cms. Wave length) 

 

Eleven numbers of S ς Band high power radars are located along east and west coasts of India and are used 

primarily for detection of cyclones approaching the Indian Coast. 5 of these radars are sate of art DWRs 4 of which 

were procured from M/s Gematronik, Germany and are installed at Chennai, Kolkata, Machilipatnam and 

Visakhapatnam. One DWR installed at Sriharikota, Andhra Pradesh has been developed under ISRO- IMD 

collaboration.  During periods other than cyclone season, some of these radars are also used for detection of storms 

and other severe weather phenomenon for use in local forecasting.  The effective range of these radars is 400 Km. as 

shown in Fig.1. 



 

Fig.1. Cyclone Detection radar Network. 

 

(e) Storm Detection Radar (SDR) ς X-band (3 Cms. Wave length) 

 



Ten numbers of medium power X - Band radars are located mostly near airports; they detect localized 
weather phenomenon like thunderstorm, squalls etc. for aviation use. The effective range of X - Band radars is 250 
Km.  In addition, two more S-band radars (10 cms.) have been installed at  Jaisalmer and Sriganganagar for storm 
detection.  

 

(f) Multi-Met Radar ( MMR ) ς X-band (3 Cms. wavelength) 

 

17 Numbers of multi-ǇǳǊǇƻǎŜ aŜǘŜƻǊƻƭƻƎƛŎŀƭ ǊŀŘŀǊǎ ƻǇŜǊŀǘƛƴƎ ƛƴ ǘƘŜ La5Ωǎ ƴŜǘǿƻǊƪ ŀǊŜ · - Band wind 

finding ς cum ς weather radars. Location of Storm Detection and Multi-Met radars is shown in Fig.2.  IMD had 

conceptualized the idea of integrated upper air sounding system built around X-Band wind finding cum weather 

radar, along with receiver equipment for Radio sonde observations (using 401 MHz Radio Sonde transmitter).  

These radars are operated for upper wind observations at 00 & 12 UTC hours.  During day time and when required 

these are operated in weather mode for local forecast & aviation use. 

 

Following Table gives details of locations of existing radars along with dates of their installations and use. 

 

(Date of radar commissioning shown in brackets against each station) 

 

CYCLONE DETECTION RADAR STORM DETECTION 

RADAR 
MULTIMET RADAR 

Conventional                   DWR 

1. PARADIP 

    (01.05.86) 

2. BHUJ 

      

(24.01.87) 

3. KOCHI 

     (28.09.87) 

4. MUMBAI 

    (04.05.89) 

5. GOA 

   (15.05.2002)  

6 KARAIKAL 

    (21.10.89) 

1. CHENNAI 

   (21.02.2002) 

2. KOLKATA 

    (29.01.2003)  

3.MACHILI PATNAM 

   (08.12.2004) 

4.VISAKHAPATNAM  

(26.07.2006) 

5. SRIHARIKOTA 

     (09.04.2004) 

1. MUMBAI 

   (24.03.86) 

2. SRIGANGANAGAR 

   (31.03.88) 

3. LUCKNOW 

   (14.12.89) 

4. AGARTALA 

    (09.03.90) 

5.NAGPUR 

   (31.05.90) 

6.NEW DELHI 

   (09.09.92) 

1. MOHANBARI 

  (23.04.79) 

2. PATNA 

  (24.09.83) 

3.BHOPAL 

   (06.10.83) 

4. PATIALA 

  (22.11.84) 

5.SRINAGAR 

   (28.10.85) 

6.MACHILIPATNAM 

  (12.05.86) 



 

 

 

 

 

7. JAISALMER 

  (19.04.93) 

8. CHENNAI 

   (29.01.96) 

9. RANCHI 

     (17.06.96) 

10. KOLKATA 

    (05.08.96) 

11. GUWAHATI 

     (28.11.96) 

12.DELHI (HQ)  

S-BAND RADAR AT 

MAUSAM  BHAWAN 

      (20.01.91) 

7.  KARAIKAL 

  (06.11.86) 

8.HYDERABAD 

  (14.10.90) 

9.CHENNAI 

   (14.02.91) 

10.THIRUVANANTHAPURAM 

   (14.11.91) 

11. DELHI(HQ) 

    (05.11.92) 

12. BANGALORE 

     (12.01.96) 

13.AHMEDABAD 

  (12.06.96) 

14. BHUBANESWAR 

   (22.06.96) 

15.  GOA 

  (01.07.96) 

16. MANGALORE 

  (16.08.96) 

17. VISAKHAPATNAM 

  (13.11.96) 

 



 

Fig.2. Storm Detection and Multi-Met Radar network 

 

 



Q:   What are the meteorological products available from DWRs? 

A: The base parameters available from Doppler Weather Radars are Reflectivity (Z), radial velocity (V) and spectral width 
ό˖ύΦ  .ŀǎŜŘ ƻƴ ǎǘŀƴŘŀǊŘ ŀƭƎƻǊƛǘƘƳǎ ŀƴŘ ŀǎǎǳƳǇǘƛƻƴǎΣ ǾŀǊƛƻǳǎ ǇǊƻŘǳŎǘǎ ƻŦ ǇǊŀŎǘƛŎŀƭ ǳǘƛƭƛǘȅ ŦƻǊ ƛǎǎǳƛƴƎ ŦƻǊŜŎŀǎǘǎ ŀƴŘ 
warnings are generated from these base parameters; they are published in the IMD web site for easy access.  Some 
of the displays and derived products below: 

 

v. PPI - Plan Position Indicator 

This product is same as available from conventional radars. A constant elevation surface data is presented as a cloud 

image around the radar station. The data displayed is on the slant range depending on the elevation angle (generally 

0.5 degree); thus the PPI is quite similar to a classical radar display.   

 

vi. RHI - Range Height Indicator 

This product is same as available in conventional radars.  A display is generated with the range on the X-axis and the 

height of the cloud targets on the Y-axis.   A Cartesian grid is displayed as an overlay to facilitate reading height of 

clouds. This grid is bending along the X-axis to show the effect of earth curvature correction. 

   

vii. MAX - Maximum (reflectivity) Display 

The Maximum Product uses a polar volume raw data set, converts it to a Cartesian volume, generates three partial 

images and combines them to the displayed image. The height and the distance between two Cartesian layers are 

user definable. The partial images are: 

ü A top view of the highest measured (reflectivity) values in Z-direction. This image shows the highest 

measured value for each vertical column, seen from the top of the Cartesian volume.  

ü A north-south view of the highest measured values in Y ςdirection. This image is appended above the top 

view and shows the highest measured value for each horizontal line seen from north to south.  

ü An east-west view of the highest measured values in X-direction. This image is appended to the right of the 

top view and shows the highest measured value for each horizontal line seen from east to west. 

This single product provides distribution parameters measured by DWR in three dimensional spaces.  

  

viii.  CAPPI - Constant Altitude PPI 

The CAPPI (Constant Altitude Plan Position Indicator) product uses a volume data set of the selected data type ς Z, V, 

W - as input. The CAPPI algorithm generates an image of the selected data type in a user-definable height (layer) 

above ground. 

  

xi. PCAPPI - Pseudo CAPPI 



The Pseudo CAPPI product takes a volume data set of the selected type - Z, R, V, W -as input. The Pseudo CAPPI 

algorithm generates an image of the selected data type in user-selectable height above ground. The generation 

scheme is nearly the same as for the standard CAPPI product. Additionally, the possible "no data" areas of the 

standard CAPPI close to the Radar site and at lager ranges are filled with data of the corresponding elevation: at short 

ranges the data are taken from the highest elevation until this beam crosses the defined height, and for large ranges, 

where the lowest beam is higher than the defined height, the data accumulation follows the lowest beam. 

  

xii. VCUT - Vertical Cut 

The VCUT displays a vertical cut through a polar volume raw data set. The position of the vertical plane is defined by 

two points A and B) chosen by user interactively on DWR product. The display shows height over distance with point A 

at 0 km. The main advantage of VCUT from RHI is, that the positions of A and B can be defined interactively. A new 

product image is generated, as soon as the newly defined positions for A and B are saved. 

    

xiii. ETOP - Echo Top 

The echo top algorithm uses a polar volume raw data set. The display shows the uppermost height where the 

measured value is within a user-defined range. Minimum and maximum height of the volume to be searched is also 

user definable. 

  

xiv. EBASE - Echo Base 

The echo base algorithm uses a polar volume raw data set. The display shows the lowermost height where the 

measured value is within a user-defined range. The maximum height of the volume to be searched is user definable.  

ETOP and EBASE displays are similar to PPI display and provide heights of cloud top and base respectively in kilometre.  

 

xv. VAD - Velocity Azimuth Display 

The VAD displays the radial velocity versus the azimuth angle for a fixed elevation and a fixed slant range. The 

elevation and the displayed range (= slant range) are user selectable. The range of the velocity axis is always from -1.0 

to 1.0. This range represents the measured range. The real value of the measured range is displayed in the legend.  

For a uniform wind field, VAD is a true sinusoidal curve.  The minima represent the direction of approaching wind 

and maxima give the direction for receding wind. The speed can be calculated by multiplying amplitude of the sin 

curve with maximum unambiguous velocity of the observation.   

xvi. VVP2 - Volume Velocity Processing (2) 

 

The VVP(2) displays the horizontal wind velocity and the wind direction in a vertical column above the radar site. 

These quantities are derived from a volume raw data set with velocity data. A linear wind field model is used to derive 

the additional information from the measured radial velocity data. The algorithm calculates velocity and wind 

direction for a set of equidistant layers. The user can choose one of two ways to display the results: 



c) Vertical profile diagram of speed and direction 

Speed and direction are displayed in separate diagrams. The first diagram shows height over wind direction, the 

second diagram shows height over wind speed. 

d) Wind barbs 

This version displays speed and direction in a height over time diagram. Wind barbs are used to indicate wind speed 

'and wind direction. A column of wind barbs shows velocity and direction for a time step, subsequent columns show 

the wind profile for subsequent VVP(2) product generations. 

  

xi. Uniform Wind Technique 

This product shows horizontal wind vectors at user defined grid points in any top projection image as overlay.  The 

algorithm calculates tangential component using Uniform Wind Technique.  Several validation procedures are 

conducted before estimating the horizontal wind. In this techniques wind field is assumed to be uniform in selected 

grid boxes and tries to restore tangential component. Horizontal wind is calculated by using the formula 

  

V = (Vr2 + Vt2)½ 

The horizontal wind vectors are displayed in any top projection image as overlay.  

  

xii. VIL - Vertical Integrated Liquid 

The aim of the VIL product is to give an instantaneous estimate of the water content residing in a user-defined 

atmospheric layer in the atmosphere. For this reason, the VIL product will need volume scan reflectivity data. These 

reflectivity data are converted into liquid water content data using following relationship: 

Z = C * MD  

Where Z ς reflectivity [mm
6
/m

3
], M ς Liquid water content and C and D are constants. The values of C and D depend 

on the type hydrometeors. 

For each vertical column the liquid water content is integrated within the user defined boundaries of the atmospheric 

layer. The resultant vertically integrated liquid water VIL in [mm] is displayed in a PPI type image. This product is an 

excellent tool to indicate the rainfall potential of a severe storm.  

 

xvii.  SRI - Surface Rainfall Intensity 

The SRI generates an image of the rainfall intensity in a user selectable surface layer with constant height above 

ground.  A user definable topographical map is used to find the co-ordinates of this surface layer relative to the 

position of the radar. This map is also used to check for regions, where the user selected surface layer is not accessible 

to the radar. These parts of the image will be filled with the NO DATA value. The product provides instantaneous 

values of rainfall intensity.  The estimated values of reflectivity are converted to SRI by using Z=ARb relationship 



(Marshall et al. (1947) where R is the rainfall intensity and constants A and b are constants. The value of A & b varies 

from season to season and place to place.  

 

xviii.  PAC - Precipitation Accumulation 

The PAC product is a second level product. It takes SRI products of the same type as input and accumulates the rainfall 

rates a user-definable time period (look back time). Every time a new SRI product is generated, the PAC is updated by 

regeneration of the product. The display shows the colour coded rainfall amount in [mm] for the defined time period.  

The display looks similar to SRI product. 

 

xix. HHW - Hail Warning 

The input for the HHW product is a volume data set with reflectivity values. A Cartesian layer is searched for bins that 

match the hail threshold. A pixel in the product image is set if any of the Cartesian bins above this pixel has a 

reflectivity value that is higher than or equal to the hail threshold. Furthermore the layer should be above 1.4 Km from 

the freezing level.  The areas of probable and very probable are marked in different colours. 

  

xx. GUF - Gust Front Detection 

The surge of gusty wind on or near the ground from the mesoscale high formed by descending cold air with down 

drafts is called gust front.  The spreading cold air undercuts the warm air prevalent in the atmosphere deflected 

ǳǇǿŀǊŘ ōȅ ƎǊƻǳƴŘ ŦǊƛŎǘƛƻƴ ŀƴŘ ŦƻǊƳǎ άǇǊŜŎƛǇƛǘŀǘƛƻƴ ǊƻƭƭέΦ  !ǎ Ƴŀy be seen, wind direction near the ground and above 

is not same. Further, the air near the ground moves more slowly due to ground friction than the air above it. This leads 

to increase in spectral width. The radars also receive weak returns (echoes) from gust front due to in refractive index 

gradients. The primary cause for this region of small scale fluctuation is turbulence. Doppler Weather Radar can 

detect gust fronts provided it is not moving tangentially with respect to radar.  

 

The Gust Front algorithm takes a polar or single elevation set of velocity data and searches for regions that match the 
Gust Front conditions. A parabola is matched to each of these regions by a least square fit. These parabolas are used 
as an overlay to the image of another product that is specified by the user. 

  

Q:   How can one get these DWR products? 

A: Six products namely PPI(Z), PPI(V), Max(Z), VVP2, SRI and PAC,  are uploaded  on departmental website. Other 
products can be obtained by individual radar stations on demand .Demand of products can also be placed with Dy. 
Director General of Meteorology (Upper Air Instruments) , India Meteorological Department, Lodi Road, New Delhi ς 
110 003.   The product will be supplied as per data supply policy of the department. 

 

Q:  How often the DWR products are updated on IMD's website? 

A: At  present six products are updated at 10 minutes interval. 

 



Q:      What are plans for modernisation of the radar network of IMD? 

A: Most of the radars in the network are very old and are based on old technology.  IMD has already taken up 
modernisation of the network in phased manner.  Four numbers of cyclone detection radars have already been 
replaced with state of art Doppler weather radars which are operational at Chennai, Kolkata, Machilpatnam and 
Visakhapatnam.  One Doppler weather Radar indigenously developed by ISRO is also functional at Sriharikota (Andhra 
Pradesh). 

  

In the first phase of modernisation 14 DWRs will be installed at Patiala, Lucknow, Delhi, Patna, Hyderabad , 
Nagpur, Mumbai, Goa, Karaikal, Agartala, Mohanbari, Paradip, Bhuj and Kochi.  In phase II and III all remaining 
radars will be replaced with DWRs.  DWRs also will be installed at few new locations to fill data gaps.  Two C-band 
Polarimetric DWRs will be procured and installed at Jaipur and Delhi. 

 

On completion of modernisation program, IMD will have 55 DWRs in its observational network. 

 

Q:  What is frequency of operation of weather radars? 

A: The weather radars operate in X, C and S band frequency.  Radars operating in Ku band are used for studying cloud 
physics and atmospheric research. 

 

Q: How do radars help in predicting the movement of weather systems? 

A: Radars provide instantaneous location of the weather systems which are plotted weather charts.    Future location 
of the system is predicted by extrapolation of the past track. 

 

Q:  What is the range of radar observations? 

A: The observational range of radar is limited by the attenuation of radar waves by rain and the earth curvature effect.  
Weather radar can detect systems up to a range of 600 Km but for velocity measurements, the effective range is 250 
Km. 

   

Q: Why do S-band radars are preferred at coastal stations? 

A: Electromagnetic waves suffer attenuation due to absorption of energy by raindrops. Attenuation of these waves 
increases with increase in frequency of radiation.  In S-band frequency, the attenuation is very less.  Coastal regions 
are battered by cyclones which produce heavy rainfall.  If radars of higher operating frequencies are installed in 
coastal regions, the radar rays will be obscured by heavy precipitation and hence effective coverage range of radar 
will be reduced. 

 

Q: Why Klystron Transmitters are preferred over magnetron Transmitters in DWRs? 

A:      Comparative study for klystron and magnetron transmitters is tabulated in following table which indicates   that 
performance of klystron transmitter is better: 

Feature Klystron Magnetron 



Design 

 

High power, high gain amplifier which allows 

coherent operation, linear beam design beam dump is 

not part of the signal interaction structure. 
Advantages:  

 Full control of the transmitted phase 

 Higher average power capability 

High power microwave oscillator. For 

Doppler operation the phase of each 

transmitted pulse must be sampled, 

as coherent -on-receive reference. 

Crossed-filed designed, beam energy 

is absorbed by anode which is also 

part of the microwave resonator. 

Phase stability 

 

Mainly depending on inter pulse stability' of gun voltage 
,typical system phase stability is 50-55 dB. 

Advantages: 

 ̧ 10-15 dB more clutter cancellation 

 capability; 

 ̧ Higher accuracy of velocity estimation 

Depending on inter pulse frequency 
stability, oscillation onset jitter and 
phase stability of the transmitting 
pulse sampling circuit. Typical system 
phase stability is 38- 40 dB. 

Frequency 
agility 

 

Easy to achieve 

Advantages: 

 Complete decorrelation of weather return 
signals 

 Reduces variance of reflectivity estimates 

  Smaller numbers of samples required ,increases 
scanning speed 

Very difficult, requires expensive 

special tubes 

Phase 

agility(Phase 

coding , Pulse to 

pulse phase 

shifting) 

 

Easy 

Advantages: 

 velocity dealiasing 

 Recovery of second trip Echoes 

 Support for future dealiasing techniques which 
require controlled phase 

The phase of each pulse is random 

with respect to previous pulse. 

Random ~ phase modulation is an 

inherent feature of magnetron 

transmitter 

Pulse 
compression 

 

Possible 

Advantages: 

 ̧ Suited for future upgrade of sophisticated pulse 
compression techniques 

Not possible 

 

Occupied Band 
width 

Spectrum can be controlled by shaping the amplified 
signal' ,no spurious only harmonic emissions. 
Advantages:; 

 ̧ Cleaner spectrum 

Harmonics and strong spurious 

emissions. Filters might be required 

 

Q: What are advantages Doppler weather Radars: 

A: Advantages of Doppler Weather Radar: 

 



One of the significant applications of radars over the last 40 years has been in real time weather 

monitoring and for research in Meteorology. Most of our current knowledge about the structure of thunderstorms, 

cyclones and other precipitating cloud systems comes from radar observation. Depending upon the radar being used, 

it is also possible to estimate or measure the number of droplets present, their sizes and whether they are in the form 

of water or ice within the cloud. 

 

Radars using Doppler techniques (i.e. Doppler Weather Radar) not only detect and measure the power 

received from a target (Reflectivity), but also measure the speed of the target towards or away from the radar (the 

Radial Velocity of the target) and Spectrum Width (indicator of wind sheer and turbulence in the atmosphere) 

 

The design of meteorological Doppler Radars has now been standardized and due to its additional capability 

of wind measurement, it is now replacing old conventional radars in most countries.  

 

A Doppler radar gives a number of derived products from the three base products viz. Reflectivity (which is a 
way to measure possible rainfall amount), Velocity and Spectrum Width Products based on reflectivity data are 
available from conventional radars as well. However since Doppler radar measures radial velocity of the echoes in 
addition to reflectivity it is easy to eliminate ground clutter (resulting from unwanted structure like buildings, hills 
etc.) and anomalous propagation echoes (arises from birds, insects or any other special atmospheric condition). Thus 
the accuracy of reflectivity estimates are better (generally by one order) from Doppler radar particularly in regions 
where ground clutter is a serious problem 

 

Q: What are the limitations of Doppler Weather radars in rainfall measurements? 

A: Radar observations are very effective tool for detecting tracking and monitoring their growth, decay and movement 
of weather system and issuing reliable forecast and warnings for severe weather events which can cause huge loss of 
life and property. These observations also provide rainfall distribution due the weather systems within effective range 
around the radar.  However, the use radar observations shall be used with much care as these are influenced by 
propagation through the atmosphere, earth curvature, blockage of radar beam by permanent structures, bright band 
occurrence, radar resolution etc. which may lead to erroneous  conclusions.  Some of the factors are explained 
below: 

(b) Propagation effect 

The atmosphere around the earth is non-uniform.  There is gradual decrease in refractivity with height which causes 

the radar waves to bend down wards. The bending depends on gradient refractivity instead of its absolute value. 

When the bending of radar waves due decrease in refractivity is equal to the earth curvature, the wave will travel 

ǇŀǊŀƭƭŜƭ ǘƻ ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜΦ  {ǳŎƘ ŀƴ ŀǘƳƻǎǇƘŜǊŜ ƛǎ ŎŀƭƭŜŘ ǎǘŀƴŘŀǊŘ ŀǘƳƻǎǇƘŜǊŜ ŀƴŘ ǘƘŜ ōŜƴŘƛƴƎ ƛǎ ŎŀƭƭŜŘ ƴƻǊƳŀƭΦ 

The standard atmospheric conditions are not always present.  Therefore, the bending depending on refractivity 

gradient is some times grater or less than the normal. 

When the downward banding of the radar waves is stronger than normal this condition is called supper refraction.  

Under supper refraction conditions radar receives returns from ground which gives false indication of precipitation 

echoes. It also causes over estimation of cloud heights. 



In case the radar waves are not bent down ward as much as usual (normal reflection), under extreme conditions may 

bent upward.  This condition is called sub refraction. This decreases the radar detection range.  Under such 

condition radar under estimates the echo heights. 

(c) Radar resolution problem 

The radar beam width and thus the sampling volume increases with range.  Therefore, radar resolution at long 

distances is poorer.  This leads to distorted echoes at long ranges non-detection of multi trip echoes, tornado 

signatures. Two approaching echoes may appear as one and the receding echoes may appear to merge in one.  

(c)  Attenuation due to rain 

The attenuation of radar waves (especially for short wavelengths 5 cm or less) by rain at close distances may obscure 

precipitating echo at long ranges.  The stronger echoes at long distances may appear weak. Also, the precipitation 

area observed by radar may be less than actual. 

(d)  Partial beam filling 

In case the radar beam is not completely filled by hydrometeors, the echo will be displayed as if it is from entire beam.  

As such the values displayed will not be true representative of the sampling volume. 

(e)  Bright band 

In clouds, the precipitation particles are in the form of ice/snow above the freezing level and liquid water below it.  

When ice / snow particles fall through the freezing level, they start melting gradually and get coated with water but 

retain their large surface area.  Thus, to the radar melting snow will look like large drops.  As the water coated ice 

particles fall further and melt, their size decreases. Further, the reflectivity from ice is less than that from water for 

particles of the same size because the dielectric constant for ice is less than the water. Therefore, the radar observes 

slightly higher reflectivity below freezing level. Differential fall velocity of solid and liquid particle, aggregation and 

coalescence of particles play role in increase of reflectivity in this layer.  

The identification is of practical importance in rainfall estimation.  Attenuation and reflectivity values from a bright 

band are high.  Radar estimates of precipitation are required to be corrected if the radar beam cuts the bright band.  

 

(f) Beam blockage 

If the beam is obstructed by man made or natural objects (building, trees, hills etc), the radar will not be able to probe 
beyond the range of obstruction.  If the beam is partially blocked, observations will not true representative of the 
area. As we probe with distance, the bin volume increases with range. A small obstruction which completely blocks a 
range bin very close to the radar causes no data beyond that obstruction for the rest of the range in that particular 
elevation.  Therefore, the data in respect of these bins is needs correction before processing it for computation of 
rainfall estimates. 

 

Q:  What is the principle of working of polarimetric radar? 

A: Dual-polarization weather radars transmit vertically and horizontally polarized electromagnetic waves alternately and 
receive and process both type of polarized backscattered signals. The backscattering characteristics of a single 
precipitation particle are described in terms of the backscattering matrix. By comparing these backscatter signals in 
different ways (ratios, correlation etc.), we can obtain information on the size, shape, class and precipitation rate etc. 



 

Q: What do Polarimetric Radars measure? 

A: Some of the fundamental variable measured by polarimetric radars and their brief description is given below: 

 

(e) Differential Reflectivity (ZDR): The differential reflectivity is a ratio of the reflected horizontal and vertical power 

returns. Amongst other things, it is a good indicator of drop shape. In turn, the shape is a good estimate of average 

drop size.  

(f) /ƻǊǊŜƭŀǘƛƻƴ /ƻŜŦŦƛŎƛŜƴǘ όˊHV): The correlation coefficient is a correlation between the reflected horizontal and vertical 

power returns. It is a good indicator of regions where there is a mixture of precipitation types, such as rain and snow.  

(g) Linear Depolarization Ratio (LDR): The linear depolarization ratio is a ratio of a vertical power return from a 

horizontal pulse or a horizontal power return from a vertical pulse. It too is a good indicator of regions where a 

mixture of precipitation types occurs.  

(h) Specific Differential Phase (KDP): The specific differential phase is a comparison of the returned phase difference 

between the horizontal and vertical pulses. This phase difference is caused by the difference in the number of wave 

cycles (or wavelengths) along the propagation path for horizontal and vertically polarized waves. It should not to be 

confused with the Doppler frequency shift, which is caused by the motion of the cloud and precipitation particles.  

 

Q: How do the Polarimetric Radars help in rainfall estimates? 

A: Specific Differential Phase (KDP), is related to precipitation rate (R) by power law relations of the form R= A KDP
b 

Following R- KDP relations are considered to appropriate for rainfall rate estimations: 

R = 44 KDP
0.822            for     ˂  = 11 cm 

R = 25.1 KDP
0.0.777            for     ˂  = 5.45 cm 

      R = 19.9 KDP
0.803            for     ˂  = 3.2 cm 

 

Q: Why are the rainfall estimates from Polarimetric radars are more accurate? 

A: Normal radars estimate rainfall intensity using Z=ARb relationship where Z is the Z radar measured reflectivity, R the 
Rain rate A and b are constants.  Values A and b depend on Drop Size Distribution which is not the same for all places 
and seasons and type of rain.  As the values of these constants are to be determined for different seasons, places and 
types of rain.  Wrong values of A and b constants lead to erroneous rainfall rates.  Also, rainfall estimates are 
influenced by bright band, partial beam filling, Beam blockage, errors in radar calibration, attenuation of radar beam 
by rain etc.  KDP is calculated from relative phase measurements and therefore immune to: 

o Errors in Radar calibrations  

o Partial beam blockage or partial beam filling 

o Attenuation of electromagnetic waves due precipitation. 

In view of above rainfall estimates obtained from Polarimetric radars are more accurate. 



 

Q: What are the advantages of Polarimetric Radars? 

A: Following are the main advantages of polarimetric Radars: 

5. Rainfall estimates from Polarimetric radars are more accurate. 

6. Polarimetric parameters observed by these radars are used for hydrometeor classification. 

7. Polarimetric parameters are used for applying correction for attenuation of the radar beams due to rain etc 

8. Polarimetric radars are capable of identifying and mitigating the effects of ground clutter, anomalous 
propagation and non-meteorological scatterers, thereby providing more accurate and clear weather radar 
data. 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

           Radar is acronym for Radio Detection and Ranging.  It uses electro-magnetic waves in microwave 

region to detect location (range & direction), height (altitude), intensity (in case of weather systems) and 

movement of moving and non-moving targets. 

 

  IMD is currently operating a network of 40 radars. These can be classified on the basis of their use as follows :    

 

Cyclone Detection Radars (CDRs) ςS-band (10 cms. Wave length) : Eleven numbers of S ς Band high power radars 

are located along east and west coasts of India and are used primarily for detection of cyclones approaching the 

Indian Coast. 5 of these radars are sate of art DWRs 4 of which were procured from M/s Gematronik, Germany 

and are installed at Chennai, Kolkata, Machilipatnam and Visakhapatnam. One DWR installed at Sriharikota, 

Andhra Pradesh has been developed under ISRO- IMD collaboration.  During periods other than cyclone season, 

some of these radars are also used for detection of storms and other severe weather phenomenon for use in local 

forecasting.  The effective range of these radars is 400 Km.  

 

Storm Detection Radar (SDR) ς X-band (3 Cms. Wave length): Ten numbers of medium power X - Band radars are 

located mostly near airports; they detect localized weather phenomenon like thunderstorm, squalls etc. for 

aviation use. The effective range of X - Band radars is 250 Km.  In addition, two more S-band radars (10 cms.) 

have been installed at  Jaisalmer and Sriganganagar for storm detection.  

 

 Multi-Met Radar ( MMR ) ς X-band (3 Cms. wavelength): 17 Numbers of multi-purpose   Meteorological radars 

ƻǇŜǊŀǘƛƴƎ ƛƴ ǘƘŜ La5Ωǎ ƴŜǘǿƻǊƪ ŀǊŜ · - Band wind finding ς cum ς weather radars. Location of Storm Detection 

and Multi-Met radars is shown in Fig.2.  IMD had conceptualized the idea of integrated upper air sounding 

system built around X-Band wind finding cum weather radar, along with receiver equipment for Radio sonde 

observations (using 401 MHz Radio Sonde transmitter).  These radars are operated for upper wind observations 

at 00 & 12 UTC hours.  During day time and when required these are operated in weather mode for local 

forecast & aviation use. 

 

In the first phase of modernisation 14 DWRs will be installed at Patiala, Lucknow, Delhi, Patna, Hyderabad , 
Nagpur, Mumbai, Goa, Karaikal, Agartala, Mohanbari, Paradip, Bhuj and Kochi.  In phase II and III all remaining 
radars will be replaced with DWRs.  DWRs also will be installed at few new locations to fill data gaps.  Two C-band 
Polarimetric DWRs will be procured and installed at Jaipur and Delhi. 

 

On completion of modernisation program, IMD will have 55 DWRs in its observational network. 

 



 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 

 

Following Table gives details of locations of existing radars along with dates of their installations and use. 

 

(Date of radar commissioning shown in brackets against each station) 

 

CYCLONE DETECTION RADAR STORM DETECTION 

RADAR 
MULTIMET RADAR 

Conventional                   DWR 

1. PARADIP 

    (01.05.86) 

2. BHUJ 

      

(24.01.87) 

3. KOCHI 

     (28.09.87) 

4. MUMBAI 

    (04.05.89) 

5. GOA 

   (15.05.2002)  

6 KARAIKAL 

    (21.10.89) 

 

 

 

 

1. CHENNAI 

   (21.02.2002) 

2. KOLKATA 

    (29.01.2003)  

3.MACHILI PATNAM 

   (08.12.2004) 

4.VISAKHAPATNAM  

(26.07.2006) 

5. SRIHARIKOTA 

     (09.04.2004) 

1. MUMBAI 

   (24.03.86) 

2. SRIGANGANAGAR 

   (31.03.88) 

3. LUCKNOW 

   (14.12.89) 

4. AGARTALA 

    (09.03.90) 

5.NAGPUR 

   (31.05.90) 

6.NEW DELHI 

   (09.09.92) 

7. JAISALMER 

  (19.04.93) 

8. CHENNAI 

   (29.01.96) 

1. MOHANBARI 

  (23.04.79) 

2. PATNA 

  (24.09.83) 

3.BHOPAL 

   (06.10.83) 

4. PATIALA 

  (22.11.84) 

5.SRINAGAR 

   (28.10.85) 

6.MACHILIPATNAM 

  (12.05.86) 

7.  KARAIKAL 

  (06.11.86) 

8.HYDERABAD 

  (14.10.90) 



 9. RANCHI 

     (17.06.96) 

10. KOLKATA 

    (05.08.96) 

11. GUWAHATI 

     (28.11.96) 

12.DELHI (HQ)  

S-BAND RADAR AT 

MAUSAM  BHAWAN 

      (20.01.91) 

9.CHENNAI 

   (14.02.91) 

10.THIRUVANANTHAPURAM 

   (14.11.91) 

11. DELHI(HQ) 

    (05.11.92) 

12. BANGALORE 

     (12.01.96) 

13.AHMEDABAD 

  (12.06.96) 

14. BHUBANESWAR 

   (22.06.96) 

15.  GOA 

  (01.07.96) 

16. MANGALORE 

  (16.08.96) 

17. VISAKHAPATNAM 

  (13.11.96) 

 



 

 

 

 



 

 

          The base parameters available from Doppler Weather Radars are Reflectivity (Z), radial velocity (V) and spectral 
ǿƛŘǘƘ ό˖ύΦ  .ŀǎŜŘ ƻƴ ǎǘŀƴŘŀǊŘ ŀƭƎƻǊƛǘƘƳǎ ŀƴŘ ŀǎǎǳƳǇǘƛƻƴǎΣ ǾŀǊƛƻǳǎ ǇǊƻŘǳŎǘǎ ƻŦ ǇǊŀŎǘƛŎŀƭ ǳǘƛƭƛǘȅ ŦƻǊ ƛǎǎǳƛƴƎ ŦƻǊŜŎŀǎǘǎ 
and warnings are generated from these base parameters; they are published in the IMD web site for easy access.  
Some of the displays and derived products below: 

 

PPI - Plan Position Indicator 

This product is same as available from conventional radars. A constant elevation surface data is presented as a cloud 

image around the radar station. The data displayed is on the slant range depending on the elevation angle (generally 

0.5 degree); thus the PPI is quite similar to a classical radar display.   

 

RHI - Range Height Indicator 

This product is same as available in conventional radars.  A display is generated with the range on the X-axis and the 

height of the cloud targets on the Y-axis.   A Cartesian grid is displayed as an overlay to facilitate reading height of 

clouds. This grid is bending along the X-axis to show the effect of earth curvature correction. 

   

MAX - Maximum (reflectivity) Display 

The Maximum Product uses a polar volume raw data set, converts it to a Cartesian volume, generates three partial 

images and combines them to the displayed image. The height and the distance between two Cartesian layers are 

user definable. The partial images are: 

ü A top view of the highest measured (reflectivity) values in Z-direction. This image shows the highest 

measured value for each vertical column, seen from the top of the Cartesian volume.  

ü A north-south view of the highest measured values in Y ςdirection. This image is appended above the top 

view and shows the highest measured value for each horizontal line seen from north to south.  

ü An east-west view of the highest measured values in X-direction. This image is appended to the right of the 

top view and shows the highest measured value for each horizontal line seen from east to west. 

This single product provides distribution parameters measured by DWR in three dimensional spaces.  

  

 CAPPI - Constant Altitude PPI 

The CAPPI (Constant Altitude Plan Position Indicator) product uses a volume data set of the selected data type ς Z, V, 

W - as input. The CAPPI algorithm generates an image of the selected data type in a user-definable height (layer) 

above ground. 

  

PCAPPI - Pseudo CAPPI 



The Pseudo CAPPI product takes a volume data set of the selected type - Z, R, V, W -as input. The Pseudo CAPPI 

algorithm generates an image of the selected data type in user-selectable height above ground. The generation 

scheme is nearly the same as for the standard CAPPI product. Additionally, the possible "no data" areas of the 

standard CAPPI close to the Radar site and at lager ranges are filled with data of the corresponding elevation: at short 

ranges the data are taken from the highest elevation until this beam crosses the defined height, and for large ranges, 

where the lowest beam is higher than the defined height, the data accumulation follows the lowest beam. 

  

VCUT - Vertical Cut 

The VCUT displays a vertical cut through a polar volume raw data set. The position of the vertical plane is defined by 

two points A and B) chosen by user interactively on DWR product. The display shows height over distance with point A 

at 0 km. The main advantage of VCUT from RHI is, that the positions of A and B can be defined interactively. A new 

product image is generated, as soon as the newly defined positions for A and B are saved. 

    

ETOP - Echo Top 

The echo top algorithm uses a polar volume raw data set. The display shows the uppermost height where the 

measured value is within a user-defined range. Minimum and maximum height of the volume to be searched is also 

user definable. 

  

EBASE - Echo Base 

The echo base algorithm uses a polar volume raw data set. The display shows the lowermost height where the 

measured value is within a user-defined range. The maximum height of the volume to be searched is user definable.  

ETOP and EBASE displays are similar to PPI display and provide heights of cloud top and base respectively in kilometre.  

 

VAD - Velocity Azimuth Display 

The VAD displays the radial velocity versus the azimuth angle for a fixed elevation and a fixed slant range. The 

elevation and the displayed range (= slant range) are user selectable. The range of the velocity axis is always from -1.0 

to 1.0. This range represents the measured range. The real value of the measured range is displayed in the legend.  

For a uniform wind field, VAD is a true sinusoidal curve.  The minima represent the direction of approaching wind 

and maxima give the direction for receding wind. The speed can be calculated by multiplying amplitude of the sin 

curve with maximum unambiguous velocity of the observation.   

VVP2 - Volume Velocity Processing (2) 

 

The VVP(2) displays the horizontal wind velocity and the wind direction in a vertical column above the radar site. 

These quantities are derived from a volume raw data set with velocity data. A linear wind field model is used to derive 

the additional information from the measured radial velocity data. The algorithm calculates velocity and wind 

direction for a set of equidistant layers. The user can choose one of two ways to display the results: 



e) Vertical profile diagram of speed and direction 

Speed and direction are displayed in separate diagrams. The first diagram shows height over wind direction, the 

second diagram shows height over wind speed. 

f) Wind barbs 

This version displays speed and direction in a height over time diagram. Wind barbs are used to indicate wind speed 

'and wind direction. A column of wind barbs shows velocity and direction for a time step, subsequent columns show 

the wind profile for subsequent VVP(2) product generations. 

  

Uniform Wind Technique 

This product shows horizontal wind vectors at user defined grid points in any top projection image as overlay.  The 

algorithm calculates tangential component using Uniform Wind Technique.  Several validation procedures are 

conducted before estimating the horizontal wind. In this techniques wind field is assumed to be uniform in selected 

grid boxes and tries to restore tangential component. Horizontal wind is calculated by using the formula 

  

V = (Vr2 + Vt2)½ 

The horizontal wind vectors are displayed in any top projection image as overlay.  

  

 VIL - Vertical Integrated Liquid 

The aim of the VIL product is to give an instantaneous estimate of the water content residing in a user-defined 

atmospheric layer in the atmosphere. For this reason, the VIL product will need volume scan reflectivity data. These 

reflectivity data are converted into liquid water content data using following relationship: 

Z = C * MD  

Where Z ς reflectivity [mm
6
/m

3
], M ς Liquid water content and C and D are constants. The values of C and D depend 

on the type hydrometeors. 

For each vertical column the liquid water content is integrated within the user defined boundaries of the atmospheric 

layer. The resultant vertically integrated liquid water VIL in [mm] is displayed in a PPI type image. This product is an 

excellent tool to indicate the rainfall potential of a severe storm.  

 

 SRI - Surface Rainfall Intensity 

The SRI generates an image of the rainfall intensity in a user selectable surface layer with constant height above 

ground.  A user definable topographical map is used to find the co-ordinates of this surface layer relative to the 

position of the radar. This map is also used to check for regions, where the user selected surface layer is not accessible 

to the radar. These parts of the image will be filled with the NO DATA value. The product provides instantaneous 

values of rainfall intensity.  The estimated values of reflectivity are converted to SRI by using Z=ARb relationship 



(Marshall et al. (1947) where R is the rainfall intensity and constants A and b are constants. The value of A & b varies 

from season to season and place to place.  

 

 PAC - Precipitation Accumulation 

The PAC product is a second level product. It takes SRI products of the same type as input and accumulates the rainfall 

rates a user-definable time period (look back time). Every time a new SRI product is generated, the PAC is updated by 

regeneration of the product. The display shows the colour coded rainfall amount in [mm] for the defined time period.  

The display looks similar to SRI product. 

 

HHW - Hail Warning 

The input for the HHW product is a volume data set with reflectivity values. A Cartesian layer is searched for bins that 

match the hail threshold. A pixel in the product image is set if any of the Cartesian bins above this pixel has a 

reflectivity value that is higher than or equal to the hail threshold. Furthermore the layer should be above 1.4 Km from 

the freezing level.  The areas of probable and very probable are marked in different colours. 

  

GUF - Gust Front Detection 

The surge of gusty wind on or near the ground from the mesoscale high formed by descending cold air with down 

drafts is called gust front.  The spreading cold air undercuts the warm air prevalent in the atmosphere deflected 

ǳǇǿŀǊŘ ōȅ ƎǊƻǳƴŘ ŦǊƛŎǘƛƻƴ ŀƴŘ ŦƻǊƳǎ άǇǊŜŎƛǇƛǘŀǘƛƻƴ ǊƻƭƭέΦ  !ǎ Ƴŀȅ ōŜ ǎŜŜƴΣ ǿind direction near the ground and above 

is not same. Further, the air near the ground moves more slowly due to ground friction than the air above it. This leads 

to increase in spectral width. The radars also receive weak returns (echoes) from gust front due to in refractive index 

gradients. The primary cause for this region of small scale fluctuation is turbulence. Doppler Weather Radar can 

detect gust fronts provided it is not moving tangentially with respect to radar.  

 

The Gust Front algorithm takes a polar or single elevation set of velocity data and searches for regions that match the 
Gust Front conditions. A parabola is matched to each of these regions by a least square fit. These parabolas are used 
as an overlay to the image of another product that is specified by the user. 

  

 

Q: What are advantages Doppler weather Radars: 

A: Advantages of Doppler Weather Radar: 

 

One of the significant applications of radars over the last 40 years has been in real time weather 

monitoring and for research in Meteorology. Most of our current knowledge about the structure of thunderstorms, 

cyclones and other precipitating cloud systems comes from radar observation. Depending upon the radar being used, 

it is also possible to estimate or measure the number of droplets present, their sizes and whether they are in the form 

of water or ice within the cloud. 



 

Radars using Doppler techniques (i.e. Doppler Weather Radar) not only detect and measure the power 

received from a target (Reflectivity), but also measure the speed of the target towards or away from the radar (the 

Radial Velocity of the target) and Spectrum Width (indicator of wind sheer and turbulence in the atmosphere) 

 

The design of meteorological Doppler Radars has now been standardized and due to its additional capability 

of wind measurement, it is now replacing old conventional radars in most countries.  

 

A Doppler radar gives a number of derived products from the three base products viz. Reflectivity (which is a 
way to measure possible rainfall amount), Velocity and Spectrum Width Products based on reflectivity data are 
available from conventional radars as well. However since Doppler radar measures radial velocity of the echoes in 
addition to reflectivity it is easy to eliminate ground clutter (resulting from unwanted structure like buildings, hills 
etc.) and anomalous propagation echoes (arises from birds, insects or any other special atmospheric condition). Thus 
the accuracy of reflectivity estimates are better (generally by one order) from Doppler radar particularly in regions 
where ground clutter is a serious problem 

 

 

 

Q:  What is the principle of working of polarimetric radar? 

A: Dual-polarization weather radars transmit vertically and horizontally polarized electromagnetic waves alternately and 
receive and process both type of polarized backscattered signals. The backscattering characteristics of a single 
precipitation particle are described in terms of the backscattering matrix. By comparing these backscatter signals in 
different ways (ratios, correlation etc.), we can obtain information on the size, shape, class and precipitation rate etc. 

 

Q: What do Polarimetric Radars measure? 

A: Some of the fundamental variable measured by polarimetric radars and their brief description is given below: 

 

(i) Differential Reflectivity (ZDR): The differential reflectivity is a ratio of the reflected horizontal and vertical power 

returns. Amongst other things, it is a good indicator of drop shape. In turn, the shape is a good estimate of average 

drop size.  

(j) /ƻǊǊŜƭŀǘƛƻƴ /ƻŜŦŦƛŎƛŜƴǘ όˊHV): The correlation coefficient is a correlation between the reflected horizontal and vertical 

power returns. It is a good indicator of regions where there is a mixture of precipitation types, such as rain and snow.  

(k) Linear Depolarization Ratio (LDR): The linear depolarization ratio is a ratio of a vertical power return from a 

horizontal pulse or a horizontal power return from a vertical pulse. It too is a good indicator of regions where a 

mixture of precipitation types occurs.  

(l) Specific Differential Phase (KDP): The specific differential phase is a comparison of the returned phase difference 

between the horizontal and vertical pulses. This phase difference is caused by the difference in the number of wave 



cycles (or wavelengths) along the propagation path for horizontal and vertically polarized waves. It should not to be 

confused with the Doppler frequency shift, which is caused by the motion of the cloud and precipitation particles.  

 

Q: How do the Polarimetric Radars help in rainfall estimates? 

A: Specific Differential Phase (KDP), is related to precipitation rate (R) by power law relations of the form R= A KDP
b 

Following R- KDP relations are considered to appropriate for rainfall rate estimations: 

R = 44 KDP
0.822            for     ˂  = 11 cm 

R = 25.1 KDP
0.0.777            

for     ˂  = 5.45 cm 

      R = 19.9 KDP
0.803            for     ˂  = 3.2 cm 

 

Q: Why are the rainfall estimates from Polarimetric radars are more accurate? 

A: Normal radars estimate rainfall intensity using Z=ARb relationship where Z is the Z radar measured reflectivity, R the 
Rain rate A and b are constants.  Values A and b depend on Drop Size Distribution which is not the same for all places 
and seasons and type of rain.  As the values of these constants are to be determined for different seasons, places and 
types of rain.  Wrong values of A and b constants lead to erroneous rainfall rates.  Also, rainfall estimates are 
influenced by bright band, partial beam filling, Beam blockage, errors in radar calibration, attenuation of radar beam 
by rain etc.  KDP is calculated from relative phase measurements and therefore immune to: 

o Errors in Radar calibrations  

o Partial beam blockage or partial beam filling 

o Attenuation of electromagnetic waves due precipitation. 

In view of above rainfall estimates obtained from Polarimetric radars are more accurate. 

 

Q: What are the advantages of Polarimetric Radars? 

A: Following are the main advantages of polarimetric Radars: 

9. Rainfall estimates from Polarimetric radars are more accurate. 

10. Polarimetric parameters observed by these radars are used for hydrometeor classification. 

11. Polarimetric parameters are used for applying correction for attenuation of the radar beams due to rain etc 

12. Polarimetric radars are capable of identifying and mitigating the effects of ground clutter, anomalous 
propagation and non-meteorological scatterers, thereby providing more accurate and clear weather radar 
data. 

. 

 

 

 



 

 

 

 

 

 

 


