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Lecture 25 

Applications of the Doppler radar and lidar: measurements of winds 
 

Objectives: 

1. The Doppler effect and wind measurements. 

2. Main types of Doppler radars and lidars. 

 

Required reading:  

G: 2.2.3, 8.6, 8.7, 8.8 

Additional/advanced reading:  

Online sources 

http://wwwghcc.msfc.nasa.gov/macaws/ 

http://www.radar.mcgill.ca/define_doppler.html 

 

 

1. Doppler effects and wind measurements. 
 

What is the Doppler effect: 

If the source of an electromagnetic wave and an observing system are in relative motion 

with the respect to the medium in which the EM waves propagate, the frequency of the 

waves observed is shifted from the frequency of the emitting source. 

 

Consider an observing system moving relative to an EM source with the velocity V along 

the line between them, then the observed frequency  ν ′~  is shifted relative to the 

frequency of the EM source ν~  
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where c is the is the speed of light 

 

For the atmosphere: 1/ 22 <<cV , therefore 

                                         )/1(~~ cV+=′ νν                                                       [25.2] 
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and the Doppler shift is  

                                        λννν /~~~ VD =−′=∆                                                      [25.3] 

By the definition 

0~ >∆ Dν    if the EM source is moving towards the observing system 

0~ <∆ Dν    if the EM source is moving away from the observing system 

 

If the relative motion is not along the line, then  

                                           )/cos1(~~ cV θνν +≈′                                                   [25.4] 

and the Doppler shift is  

                                                  λθν /cos~ VD =∆                                                    [25.5] 

where θ is the angle between the direction of motion and the line connecting the EM 

source and the observing  system. 

 

 

 

Applications in atmospheric  remote sensing:  

Ground-based observations: source and observing systems are stationary but the EM  

                                              wave is scattered by a moving target 

Airborne platforms: everything is moving relative to each other 
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Ground-based monostatic system:   λθν /cos2~ VD =∆                                         [25.7] 

NOTE: Vr= V cosθθθθ  is a radial component of the speed.   

 

 

� Radars measures the Doppler shift by observing the phase of the signal over a 

sequence of many pulses.  

Pulse repetition frequency (PRF) is the rate at which pulses are transmitted.  

NOTE:    PRF =  1/T,   where T is the pulse repetitions interval (in s) 

 

PRF defines the maximum Doppler shift that can be resolved 
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which corresponds to a maximum radial velocity  
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Doppler dilemma: PRF must be small enough to measure larger distances  

     but PRF must be large enough to measure larger radial velocity  

 

 

 

If the total number of pulses N is used to determine the velocity, the total measurement 

time is NT seconds. Two frequencies may be resolved in this time if one of them 

undergoes an addition cycle of phase change in the observational period, thus  

                                              NTmixD
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2. Main types of Doppler radars and lidars. 
• Meteorological Doppler radars with λλλλ  of 3cm to 10 cm:  

detect the motion of rain, snow, pollens, insects, etc. (i.e., require the presence of a target, 

cannot not measure in the clear air). 

 

• Doppler radars with λλλλ  of 30 cm to 6 m:  

(also called UHF (ultrahigh frequency)  and VHF (very high frequency) radars) 

detect the signal from refractive index fluctuations arising from turbulent mixing of 

temperature and moisture in the clean air. 

The speed at which electromagnetic waves travel between a radar and a target is 

dependent on the index of refraction of the atmosphere between the radar and the target. 

Small changes in the time it takes a radar signal to travel to a fixed target and back are 

related to small variations in the refractive index caused by changes in humidity, 

temperature, and pressure 
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where e is partial pressure of the water vapor. 

 

• Doppler lidars with λλλλ  < 10 µµµµm: 

detect the motion of aerosol particles  

Example of the Doppler lidar: 

The NASA Airborne Coherent Lidar operates at  2.022 µm.  

Application:  the remote measurement of wind speed and turbulence  
(at a range of 1 km  under conditions with a backscatter coefficient as low as 5 x 10-11/m-sr).  
 

 

 

• Doppler radar measures mean winds in large volumes of the atmosphere when 

large scatterers (water droplets, insects, etc.) are present. A Doppler lidar extends 

the principle of the Doppler radar using shorter wavelengths so smaller aerosols 

can be used to trace the wind. 
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� Wind speed is relatively small in the atmosphere=> Doppler shifts are small => 

need for special technique to detect the small frequency shifts 

Strategy:  heterodyne detection – mixing of a weak returned signal with a stronger 

signal with frequency close to that of the returned signal. This difference in the two 

frequencies should be low enough that it can be separated from the original source 

frequency (see example in G pp.439-441). 

 

 

� Weather Doppler radars 

The National Weather Service (NWS) Weather Surveillance Radars (WSR) are of three 

types: WSR-57S, WSR-74C, and WSR-88D (D stands a Doppler radar) 

 

 

 
Figure 25.1  Example of radar velocity image for the uniform wind field. 
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Because a Doppler radar measure the radial velocity (i.e., velocity along one direction), 

the scanning Doppler radar or multiple Doppler radars are required to measure the wind 

field.  

 

Scanning Modes: 

 The two main types of scans used in meteorology are the Plan Position Indicator (PPI) 

and the Range Height Indicator (RHI) scans.  

PPI: elevation angle is constant, the azimuthal angle is varied  

RHI: azimuthal angle is constant but the elevation angle is varied 

 

The zero isodop problem: 

 

Isodop is a zone of zero velocity in the Doppler radar image. 
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