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Wind Profiling Radar (WPR)

Most suitable remote sensing tool for measuring the height profile of wind vector 

with high time- and height resolutions in all weather conditions

Very high sensitive, coherent, pulse Doppler radar

Measures the wind by detecting the Doppler shift of echoes from turbulent 

irregularities of radio refractivity, under the assumptionthat such irregularities 

are advected by the wind

Turbulent echoes are contaminated/dominated by other echoeswhich include

echoes from stratified gradients of refractivity (< 40 MHz)

echoes from hydrometeors (> 1 GHz)
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Outline

Evolution of WP radars

Theory and technique

Wind Profilers around the world

Wind Profilers in India

Applications
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Evolution of clear air (wind profiling) radars

DRaWS-2010 March 18, 2010 NARL



First published Doppler radar wind measurements

Dobson.E.B, òDoppler radar measurements of mean wind variations in the clear 

air atmosphereó, 14th Radar Meteorol. Conf, AMS, 69-72, 1970

Browning.K.A, òThe structure of an inversion above a covective boundary layer 

as observed using high-power pulsed Doppler radaró, Boundary layer Meteorol., 

4, 91-111, 1973

Woodman.R.F and and A.Guillen, òRadar obsrvations of winds and turbulence in 

the stratosphere and mesosphereó, J.Atmos.Sci, 31, 493-505, 1974

DRaWS-2010 March 18, 2010 NARL



Jicamarca Radio Observatory, Peru
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First generation (dedicated) wind profiling radars

40 MHz radar at Sunset, Colorado 

Green et al,1975

53.5 MHz SOUSY radar in Germany 

Czechowsky et al, 1976

41 MHz radar at Urbana, Illinois

Miller et al, 1978

DRaWS-2010 March 18, 2010 NARL



Doppler radar (Principle)

EM traveling wave can be represented as

() ( )0t r.ktcosAtS f--w=

Where A= amplitude in volts

w= angular frequency(radians per second)

k= propagation constant (rad/meter)

fo= initial phase offset (radian)

r = distance (meter)

In a Radar case the received signal from a target at a distance R can be represented by

Sr(t) = A¡cos (wt ïk 2R -fo)

The phase of the received signal with respect to the transmitted signal is given by

The rate of change of fis given by
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Quadrature (Phase) Detection
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Range gating (Pulsed radar)

DRaWS-2010 March 18, 2010 NARL



Atmosphere as Target
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Braggôs scattering

Fresnel reflection

Fresnel scattering

Rayleigh scattering
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Block diagram of a modern WP Radar
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Equation for atmospheric radar

Radar cross section s =    hx  volume occupied by the radar beam

=    h(rqx  rfx  ct/2)

where

r = target mean distance from the radar

q= beam width in x-z plane

f= beam width in y-z plane

t= radar pulse width

c = velocity of electromagnetic wave

Radar equation 

Figure of merit

SNR is proportional to the product of  power and aperture of the radar

P x A is defined as the figure of merit for atmospheric radars
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Signal and Data Processing

Matched filtering / pulse compression / decoding

Coherent integration

DC (clutter) removal

Computation of Doppler spectrum

Incoherent averaging

Computation of Moments

Computation of wind vector
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A good height resolution at the maximum average power 

can be achieved by using pulse compression technique

A long  pulse T is divided into N subpulses of width t

The phase of each sub pulse is chosen to be 0 or 180o

Barker or complementary codes are extensively used in 

atmospheric radars

complementary codes offer optimum sidelobe 

suppression of range sidelobes

The auto correlation from of the resultant waveform has 

very low range sidelobes

Pulse compression
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Coherent Integration

Å Several pulses are averaged in time domain

Å If n pulses are added coherently in time domain, then signal 

amplitude improves by n times and signal power by n2 times, 

noise amplitude improves by sqrt(n) times and noise power 

by n times

Å S/N ratio improves by n times

Å Another advantage is reduction in data volume size
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Coherent Integration : Example

N = 1 N = 4 N = 16

N = 64 N = 256
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Incoherent Integration

Å Performed in spectral domain to improve the detectability

Å Several successive spectra are averaged

Å S/N ratio improves by sqrt(n) times
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Computation of Moments

Zeroth moment or total power

First moment or mean Doppler

Second moment or variance

Doppler width (full)= Hz

Signal to Noise Ratio=  where N is the number of FFT points 

and L is the noise level 
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Radar beam geometry for DBS mode of operation
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Parameter BL Radar LT Radar T Radar ST Radar MST Radar

Frequency (MHz) 900-1500 400-900 200-400 50-200 40-60

Average PA (Wm2) ~ 100 ~ 1000 ~ 5 x 105 ~ 108 > 108

Height coverage (km) ~ 0.1 - 3 ~ 0.2 - 6 ~ 0.3 - 15 ~ 0.5 - 20 ~ 2.0 - 20

& 60 ð100

Height resolution (m) ~ 75 ~ 100 ~ 150 ~ 150 ~ 150

Time resolution (min) ~ 10 ~ 10 ~ 10 ~ 10 ~ 10

Accuracy (ms-1) ~ 1 ~ 1 ~ 1 ~ 1 ~ 1

Backscattering occurs preferentially from irregularities of a size about one-half the wavelength of 

the probing radio wave. Turbulent eddies are created over a spectrum of sizes ranging from many 

tens of meters down to centimeters, or even millimeters. 

Classification of WP Radars
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Early version of BL Radar wind profilers at NOAA, USA
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Early version of BL Radar and modern LT Radar wind profilers 

at Kyoto University, Japan

DRaWS-2010 March 18, 2010 NARL



Atmospheric radars around the world
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WP radar Networks
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Locations of the NOAA profiler Network stations in 1997 

(from chadwick and Ackley, 1997)


