
Bistatic Radar Networks



 Forecasting Models

Airport Warning Systems

Scientists

need Vectors, not just Doppler radial winds
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Vector winds can be measured or calculated

Multiple-Doppler Networks
Costly (WSR-88D’s ~$5,000,000 each)
Long baselines (~200 km in USA) = ~3 km resolution
Long baselines = beams far from surface

Single-Doppler Retrievals
Not always possible, particularly in spotty convection
Prone to errors, sometimes in most interesting weather
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Bistatic Radar Networks Provide Vector Winds



Monostatic Doppler
Bistatic Doppler #1
Bistatic Doppler #2

Communications Links
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How Bistatic Networks
Get Dual-Doppler Information



Advantages of Bistatic Multiple-Doppler Networks

1.  Cost: Capital: <$500,000 for basic network, 
           <$100,000 for each additional receiver

                                      (or less, depending on configuration)

Operations:  no operators, no moving parts, 
no high voltage, no large antennas.
< $10,000 per receiver per year

2. Simultaneous measurements from only one source of illumination:
Reconstruction of u,v,w fields are from co-temporal data 
and are true snapshots.

3. No interpolation or smoothing to Cartesian grids
4. Multiple-Doppler fields as fast as one radar can scan.
5. Bistatic Network provides new Doppler processing and display for Tx
6. Hail detection through polarization and bistatic LDR method (experimental)



Windshear (Divergence and Vorticity) is calculated at 
high resolution in real-time
for every transmitted gate
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No Cartesian interpolation and smoothing necessary
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Small parabolic or other 

airport approach path 

High Sensitivity Multiple-Doppler
Vector Winds and W
over flight paths

Vertically pointing
antenna measures
W directly

high gain antennas for

surveillance in clear air



Bistatic Receiver Sites
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Klystron or Magnetron Transmitter
S, C, or X band

Beams from Tx and B1,B2, B3
Paired by GPS Time.

Tx Phase  over telephone, 
ISDN, or 900 MHz links

Vectors and div-V and curl-V 
Calculated in Real Time

Data Available on Internet 
for Remote Displays

Doppler Data

Angles
GPS, Phase

Bistatic #2Bistatic #1Current Bistatic Network Design
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Real-Time Vector Displays Across Internet

Internet
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Early NCAR Experiments
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NCAR 1994-9:
Real Time Display of vector winds
as radar sweeps through weather

Reflectivity and Vector fields in thunderstorm



Validation



McGill (Montreal)
Receiver #1
(Isztar Zawadzki’s house)
Equipment in House

NCAR (CASES-97)
Temporary Rx #2
Farmer’s Field
Cage to Stop Animals



Baselines 40 km, 25 km



McGill 1996-9
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McGill Network

Cartesianized Data

T’, P’, W, ∇xV retrievals

Vectors and dBZ

Vectors and WVectors and T

(Source:  grappa.meteo.mcgill.ca/~protat)
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DLR: South of Munich, Germany

First Receiver Installed late 1998

Some test data in clear air only.

Second and Third Receivers Completed
    in Fall 1999.

Baseline of 1st Reciever 27 km
Baselines of 2nd+3rd Receivers: 40-60 km



Raw Real-Time DLR Data: Wind vectors over Dopp Vel

R



Raw Real-Time DLR Data: Wind vectors over Dopp Vel
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Bistatic Networks

Year/Location Wavelength Tx Type Comm Link

1993 Boulder 10 cm klystron direct line-of-sight
1994 Boulder 10 cm klystron telephone
1996 Chilbolton/Reading 10 cm magnetron (pseudo-bistatic) -----------
1996-8 Montreal 10 cm klystron telephone
1997 Kansas 10 cm klystron 900 MHz
1998-9 Munich Germany 5 cm magnetron ISDN
2000 Osaka 3 cm magnetron ISDN
1999 Oklahoma 3 cm magnetron mobile DOW 900 MHz
2000  Washington 10 cm klystron 900 MHz
2001  China 3 cm magnetron 900 MHz
2001 Okinawa 5-10 cm klystron ISDN
2002  Italy 5 magnetron unknown
2002  Korea 5 magnetron unknown


