
Active Remote Sensing of the PBL

• Immersed vs. remote sensors

• Active vs. passive sensors

• RADAR- radio detection and ranging

– WSR-88D

– TDWR

– wind profiler

• SODAR- sonic detecting and ranging

– minisodar

– RASS















RADAR Training: Warning 

Decision Training Branch
• http://www.wdtb.noaa.gov/

• http://www.wdtb.noaa.gov/courses/dloc/ou

tline.html

http://www.wdtb.noaa.gov/
http://www.wdtb.noaa.gov/courses/dloc/outline.html
http://www.wdtb.noaa.gov/courses/dloc/outline.html


Fundamental Characteristics of EM radiation

• Frequency (wavelength)

• Amplitude

• Polarization (dual pol radar)

– Most radiation randomly oriented in nature

– Can be generated with a preferred orientation

– If all targets spheres, then there would be no 

advantage for polarimetric techniques



EM radiation

• Speed of light = frequency * wavelength = 

3 x 108 m/s

• Commercial power: 60 Hz; 5000 km

• Visible light: 6x1014 Hz; .5 micron

• WSR-88D: 2.85 GHz; 10 cm

• Radar wind profiler: 404 MHz; ~ 70 cm

• Speed of sound ~ 300 m/s

• minisodar; 4000 Hz; ~8 cm



Refractivity

• Radiation travels slower through media

• Sharp changes in the density of media can 

cause the radiation to bend up or down 

• If changes in refractivity occur on very 

small scales relative to wavelength, then 

radiation backscattered towards radar 

(principle used by profilers & sodars)





WSR-88D

See http://www.wdtb.noaa.gov/courses/dloc/topic2/ic52_content.html







Backscattering
Large targets (birds)

– D > 10 wavelength

Intermediate (10 wavelength > D > .1 wavelength) 

complicated; Mie regime

Small targets (D < .1 wavelength); Rayleigh regime

Radar measures returned power; we assume comes from 

reflectivity of spherical raindrops

Effective radar reflectivity varies over 10 orders of 

magnitude; so use log reflectivity; Ze
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http://www.wdtb.noaa.gov/tools/misc/beamwidth/index.htm

http://www.wdtb.noaa.gov/tools/misc/beamwidth/index.htm














Radial velocity
• Distance traveled to stationary target: 

2r = ct

• Distance when target moving towards

2vrt less

• Distance when target moving away

2vrt more

• Target appears stationary when object moving 

perpendicular to radar

• Doppler shift of frequency due to object motion 

toward/away radar

2vr/ wavelength









Doppler dilemma

• Limited by how much frequency shift can 

be unambiguously detected by radar 

settings

– If want to see high winds, then can’t detect far 

away from radar

– If want to see far away from radar, then can 

only detect light winds

– Otherwise range folding



Doppler dilemna





NOAA Profilers
• operate continuously, alternating sampling modes every 

1 minute between a low or high mode

• switch beam positions (eastward, northward, or vertical) 

every 2 minutes.

• Each mode contains 36 range gates (sampling heights), 

spaced every 250 m in the vertical. 

• The low mode samples the lower atmosphere, beginning 

at 500 m above ground level (AGL) and continues to 

9.25 km AGL

• The high mode slightly overlaps the top of the low mode, 

beginning at 7.5 km AGL and extends to a maximum 

height of 16.25 km AGL

• Data collected over 6 minute period, averaged into 

hourly averages







Wind profilers
• Conventional weather radars detect reflections from hydrometeors  rather 

than the air itself

• Wind profiling radars depend on the scattering of electromagnetic energy by 

minor irregularities in the index of refraction, which is related to the speed at 

which electromagnetic energy propagates through the atmosphere 

• When an electromagnetic wave encounters a refractive index irregularity, a 

minute amount of energy is scattered in all directions. 

• Backscattering,  scattering of energy toward its point of origin, occurs 

preferentially from irregularities of a size on the order of one-half the 

wavelength of the incident wave

• Because the refractive index fluctuations are carried by the wind, they can 

be used as tracers. 

• These irregularities exist in a size range of a few centimeters to many 

meters, most wind profilers operate at frequencies well below those of 

conventional weather radars. 



Limitations

• ground clutter

• radio frequency interference (RFI)

• migrating birds

• atmospheric echoes in radar sidelobes

• performance of wind profiler is limited by its sensitivity, which 

improves with higher transmitted power levels and larger antennae 

• The returned signal strength is also a function of the refractive index 

structure parameter, which tends to decrease with height and is 

dependent on meteorological conditions; if small, returned power 

may not be strong enough to make a meaningful measurement of 

the wind









miniSoDAR
• emits high frequency (4500 Hz) pulses of amplified acoustic energy 

within the threshold of human hearing

• samples atmospheric echo from pulse, which contains information 

used to produce three-dimensional wind and turbulence profiles

• 5-m increments beginning at 15 m to max altitude of 250 m

• acoustic antenna is array of 32 speakers used to both transmit and 

receive acoustic signals

• speaker array is electrically steered to generate three independent 

beams

• received signal is product of interaction of transmitted acoustic pulse 

with small-scale atmospheric temperature and moisture fluctuations

• frequency of received signal is directly proportional to radial motion 

of scattering volume 

• radial motions as determined from Doppler shift from 3 independent 

beams is combined to produce vertical profile of horizontal wind field





Limitations

• vertical range of sodars is approximately 

0.2 to 2 kilometers (km)

• vertical range is a function of frequency, 

power output, atmospheric stability, 

turbulence, and noise environment

• Due to attenuation characteristics of the 

atmosphere, high power, lower frequency 

sodars penetrate higher

• Strong winds blow acoustic pulses away 

from receiver



RASS- radio acoustic sounding system

• measures the atmospheric lapse rate using backscattering 

of radio waves from an acoustic wave front to measure the 

speed of sound as a function of height

• compression of air by an acoustic wave creates partial 

reflection of the transmitted radar signal

• from speed of sound, temperature of air can be computed

• acoustic subsystems must be added to the radar wind 

profiler to generate the sound signals and to perform signal 

processing

• three or four vertically pointing acoustic sources are placed 

around the radar wind profiler's antenna

• The acoustic sources are used to transmit sound into the 

vertical beam of the radar, and are usually encased in noise 

suppression enclosures to minimize nuisance effects that 

may bother people in the vicinity of the instrument



RASS

• usually performed with a 60 to 100 meter 

pulse length

• Because of atmospheric attenuation of the 

acoustic signals at the RASS frequencies, 

the altitude range that can be sampled is 

usually 0.1 to 1.5 km, depending on 

atmospheric conditions 

• high wind velocities tend to limit RASS 

altitude coverage to a few hundred meters 

because the acoustic signals are blown 

out of the radar beam








