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wind Profiling Radar (WPR)

VARV

Most suitable remote sensing tool for measuring the height profile of winc
with high timeand height resolutions in all weather conditions

Very high sensitive, coherent, pulse Doppler radar

Measures the wind by detecting the Doppler shift of echoes from turbuler
irregularities of radio refractivity, underabsumptiorthat such irregularities
are advected by the wind

Turbulent echoes are contaminated/dominatethly echoesgvhich include
echoes from stratified gradients of refractivity (< 40 MHz)

echoes from hydrometeors (> 1 GHz)
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VARV ]
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
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Fig. 1. RHI (range-height-intensity) scans at 3.2 cm (X band),
10.7 cm (S band), and 71.5 cm (UHF band) wavelengths (top, center,
and bottom panels, respectively) at 90° azimuth taken at 1030 EST 18
February 1966 at Wallops Island, Virginia. The layer at 12 km in the
bottom panel was visible on the original photographs (from Atlas
et al., 1966b)
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VAR™
First published Doppler radar wind measurements

Do b s o nDofplerBadar measurements of mean wind variations in the
air atmosphere , " Rhadar Meteorol. Conf, AMS7891970

Br own i Mge.stdictuke of an inversion above a covective boundary |
as observed using higlower pulsed Dopplerraday Boundary
4,91111, 1973

Woodman. R. F a nRhdaaobsivatidns & windls and tarbuleiac
the stratosphere and mesospltere J . At mo-5053%/4 , 31,
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Jicamarca Radio Observatory, Peru

R. F. Woodman (1974) first detected echoes from the rr;esosphere

and the strato/troposphere with

Altitude (km)

the Jicamarca radar.
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Fi6. 3. Record of easterly (V) and vertical velocities {1's) at 20 km obtained from the Doppler shift of radar backscatter echoes.

speeds at 85km in the mesosphere showing large sinusoidal
fluctuations due to gravity wave (from Woodman and Guillen, 1974)
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First generation (dedicated) wind profiling radars

40 MHz radar at Sunset, Colorado
Greeret al,1975

53.5 MHz SOUSY radar in Germany
Czechowskgt al 1976

41 MHz radar at Urbana, lllinois

Milleret al 1978
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Fig. 3. Radial velocity versus altitude measured by the Sunset madar

on 15 April, 1976, at 1606 1055W
to the north (from Van Zandt e
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Tare Doppler radar (Principle)

EM traveling wave can be represented as
S (t)= Acodwt - kr- f,)

Where A= amplitude in volts
w= angular frequency(radians per second)
k= propagation constant (rad/meter)
f ;= 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

S({t)=Ajcosimi k2R -f )

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

o — |<.2R:%_2R :#_(R)

:df:4,0dR:4pV
gt =« R e Lo

The rate of changefofs given by

d

2
fd g _Vr
/
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nre Quadrature (Phase) Detection
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Amplitude= /I’ +q’
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Range gating (Pulsed radar)
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Tnre Atmosphere as Target

‘Wind Profiling Radar depend on the scattering of
electromagnetic energy by minor irregularities in the index of
refraction {Echoes come from refractive index gradient (Bragg
scattering) }

- Refractive index n (or N) of air depends on pressure p
[hPa], temperature T [K] and water vapor pressure e
[hPa]:

+3.7-10° =
=

N=(n—-1)-10° = ??.6$+ 71.6=

* During Precipitation backscattered signal from raindrops
may become comparable to the clear air contribution
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Braggds sca

“~ Radar scattering Fresnel reflection

Scattering from atmospheric targets: Fresnel scattering

 hydrometeors, particularly wet ones (rain, melting

snow, water coated ice) — Rayleigh scattering

» birds and insects (frequency dependant)
« smoke plumes

Multitude of targets may introduce serious errors
* the measured velocity is that of rain, not wind

*Interfering signals:
« ground and sea clutter
« aircraft and migrating birds

HEIGHT =

REFRACTIVE INDEX YARIATION 8n
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VARV

I
When a pulse encounters a target... %%m
o A
It is scattered in all directions. PR
Of interest is the signal component ““’7:;—#%-5 ,
received back at the radar. ﬁ&;ﬁzﬂi’?@%ﬁ
A e e
o -':."‘:""“"""r'

e gj : : ~ &
This signal is typically much weaker Vo2
than the original sent from the :
transmitter and is called the "return L & o=/
signal”.

The larger the target, the stronger
the scattered signal.
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Block diagram of a modern WP Radar

1 2 256
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it Equation for atmospheric radar
Radar cross secti@ = h x volume occupied by the radar beam

h(gx f x a/2)

where /
r = target mean distance from the radar | ++----—- 4
g = beam width inx plane i A vy
f = beam width in plane S
t = radar pulse width : 7
¢ = velocity of electromagnetic wave /g
7
Radar equation P h(rqﬂrf Tct /2) 9/
Pr b 2 Gt 2 A
4” 4/1 RADAR ~L_
G Agfct (h)

32(pr)

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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VARV

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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Pulse compression

A good height resolution at the maximum average power
can be achieved by using pulse compression technique ..

ACF1

Along pulse T is divided into N subpulses of width

The phase of each sub pulse is chosen to be 0%r 180 == =~

Barker or complementary codes are extensively used in -
atmospheric radars Y

time lag

complementary codes offer optimum sidelobe g,
suppression of range sidelobes

ACF

6

The auto correlation from of the resultant waveform has
very low range sidelobes

time lag
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Vv Coherent Integration

VARV
A Several pulses are averaged in time domain

A If n pulses are added coherently in time domain, then signal
amplitude improves by n times and signal powettbyes,
noise amplitude improves by sqgrt(n) times and noise power

by n times
A S/N ratio improves by n times
A Another advantage is reduction in data volume size

Distance . Inter Pulse Period

Coherent Integration

R

e

Time

l!
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N=1

coherent integrations = 1

Coherent Integration : Example
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Incoherent Integration
Performed in spectral domain to improve the detectability
Several successive spectra are averaged

S/N ratio improves by sgrt(n) times

m et
)
[ 4
T J o
ri\\ W s J[ ”a"ﬂ i “'r ,' ';I=|'\_J _|_Incoherent Integration
R
Distance ' "r—“-' —"'—" E—"‘-" _
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! '._. .'- 'I.:- - '-...
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Power Spectral Density i
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R Computation of Moments

H | N-1-
Zeroth moment or total power MO = a of
1 =0
. 1 N-1-
First moment or mean Doppler pg =~ "3 p. f
N R N
01=0
Second moment or variance g N 1 - ,
Dk M < pl(fi L Ml)
01=0
Doppler width (fullkr 2 /M2 Hz
. ; : eMy o : .
Signal to Noise Ratmo 10loge}ﬁ@ dB where N is the number of FFT points
e’ -t and L is the noise level
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Doppler Beam Swinging Technique

Vg1= U Sing+ W Cosg
Vg, = -U Sing+ W Cosg

s B U=Yr Ve I i B
2sing

Radar beam geometry for DBS mode of operation

- beam-pointing sequence is
repeated every 1-5 minutes
« Electronic beam pointing

with phase shifters using
one antenna

 local horizontal uniformity
of the wind field is
assumed

Typical beam directions used in DBS observations

N

€ .3 ) " . - f : |
&0 ¢ a cos'gxi & COgXi cosgyi & COgxXi cosqmg YA
U s G . . . . . . U 4 u
g‘/yﬂ = ee.l cog)Xi cosgyi a cosgyi a cosyi cosc]ZIL:l gVDi cosgi
ev.u €4 cogxicosgzi & cogpyicosgzi 4 cosqzi E &0i coszi
; i [

LN
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Typical UV W plots
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ey Classification of WP Radars

Backscattering occurs preferentially from irregularities of a size abdaifahe wavelength ¢
the probing radio wave. Turbulent eddies are created over a spectrum of sizes ranging 1
tens of meters down to centimeters, or even millimeters.

Parameter BL Radan LT Radarl T Radar| ST Radar] MST Radar

Frequency (MHz) 9001500| 406900 | 206400 50200 4060

Average PA (WAN ~ 100 SR1LOEUSEE= 58 &1iE) ~ 16 > 16
Height coverage (kmp) ~0.1-:3 | ~0.26 | ~0.315 | ~0520 | ~2.020
& 600100
Height resolution (m) ~ 75 SO0 = TS50 g5 0 ~ 150
Time resolution (min) ~ 10 =10 i R0, i 8 HE,
Accuracy (m$ 5l =l =3 ol Sl
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R Early version of BL Radar wind profilers at NOAA, USA

F1a 4, Phocogreph of the y byer radar mouneed inedo a nedimencary Shither fence, The anmerna
s fuad In elevation and rotwses |» xareud. The UHY trarami/recve module a mosnted on the tack of the aptenas
[
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me Early version of BL Radar and modern LT Radar wind profiler:
at Kyoto University, Japan

HASHIGUCHI ET AL.: PLANETARY BOUNDARY LAYER OBSERVATIONS (a)

g 3 s

Figure 2. View of the BLR installed at IE'USPIFI'EK il_'l Serpong near Jakarta, Igdunesia. All the Fig. 2. Pictures of (a) the LTR and (b) the
radar equipment except for three parabolic antennas is installed in the rear container.

antenna elements.
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;g,i{;c Atmospheric radars around the world

The Jicamarca radar, Peru The MU radar, Shigaraki, Japan Equatorial Atmosphere Radar: EAR

Bukittinggi, West Sumatra,
Indonesia

(0.20°S, 100.32°E,
865 m above sea level)

465:MHz, 108m @ Yagharray, 1 MW

e 2P e

Radio Science Center for Space and Atmosphere, Kyoto University 47MHz, 560 Yagi antennas, 100kW

Tropospheric 400 MHz+ Profiler
Boundary Layer WP at the foot of - .
Mt. Etna, Catania, Sicily, Italy Tropospheric WP in Germany

Vandenberg AFB 449 MHz Profiler as part of US National
Demonstration Network -- Uses Vaisala Electronics and LAP-XM
software with Lockheed Martin Antenna and Transmitter
(Currently installed at Plattville Colorado)
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MaRe WP radar Networks

Locations of the NOAA profiler Network stations ir] 1997
(from chadwick and Ackley, 1997)
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