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Current Practice on the WSR-88D

• Clutter Map determines were to filter
• Spectral ground clutter filter, GMAP1 is 

used 
• Operators select regions where GMAP 

should be applied to filter clutter returns 
caused by anomalous propagation

• Operators often opt to filter everywhere

1) GMAP is Vaisala-SIGMETS’s filter meaning Gaussian model adaptive processing 



GMAP: example

Correct filtering and fitting 

GMAP filtered 
11 coefficients
out of 52

Weather 
spectrum

Clutter



GMAP: example

Overestimation of the power

instead of 
9 coefficients

Weather 
spectrum Clutter



Deficiencies of the Current 
Approach 

• Clutter map 
– Not easily adapted for seasonal variation 
– Can’t handle AP cutter 
– Generation of the map requires labor
– Favorable environmental conditions are needed to 

generate the map

• Spectral Filters (including GMAP) followed with 
restoration of signal power
– The spectrum shape of weather signals is not known 
– Interpolation schemes often overestimate or 

underestimate the signal power



Overcoming the Deficiencies

• Non polarimetric radar
– Adaptive recognition of ground clutter using 

spectral coefficients and DC values 

• Polarimetric radar
– Adaptive recognition of ground clutter using 

Polarimetric Spectral Analysis
– Filtering clutter and computing rain rates from 

reconstructed Zh, and/or non reconstructed 
ZDR and � DP



Polarimetric Spectral Analysis

• Spectral Density of Differential Reflectivity                   
SDR (vk) = Sh(vk)/Sv(vk)

• Spectral Density of Differential Phase                   
SDP(vk)  =  arg{Sh*(vk)Sv(vk)} 

• Spectral Density of Cross Correlation Coefficient  
S� hv(vk) = Running sum product of three spectral 
coefficients



Adaptive Generation of Clutter 
Map using Dual Polarization 

Spectra of ground clutter and weather at Horizontal and Vertical polarization

Notch filter Filtered spectra for the decision



Histograms of ZDR, � DP, and � hv



Clutter not filtered

GMAP Everywhere GMAP Adaptive

Reflectivity
Fields



Reflectivity Fields

Reflectivity (Raw)Reflectivity (GMAP Adaptive) Reflectivity (GMAP Everywhere)



Selected area (zoom in)

Doppler Velocity (m/s) Reflectivity (dBZ)



Histograms of rainfall rate R(Z)

R=1.69x10-2x100.0717Z

R(mm/hr), Z(dBZ)

Raw

GMAP adaptiveGMAP everywhere



R=25.1*abs(KDP)0.777sign(KDP)
R(mm/hr), KDP (deg/km)

Raw

GMAP adaptiveGMAP everywhere

Histograms of rainfall rate R(KDP)



Histograms of rain rate R(Z, Zdr)  

R=1.42x10-2 Z0.77 (Zdr)-1.67

R(mm/hr), Z(mm6m-3), Zdr(linear)

Raw

GMAP adaptiveGMAP everywhere



AP 
Fields of
SNR and

ZDR



Cumulative Probability of 
Detecting Ground Clutter



Conclusions

• Polarimetric spectral analysis offers 
– Objective automated means for generating 

map of ground clutter
– Possibility to measure precipitation using 

residues in filtered spectral densities of 
polarimetric variables  

• Recognition of weather echo is excellent
• Probability of detecting clutter is 90% 



Ground clutter 

Reflectivity (Raw)Reflectivity (GMAP-D)



Selected area

Doppler velocity Reflectivity (Raw)

R(R(



Avg. power in the selected area

Raw:
avgph=  7.49209e-06
avgpv=  4.08678e-06

GMAP-Dusan:
avgph=  7.47614e-06
avgpv=  4.07817e-06

GMAP:
avgph=  8.90720e-07
avgpv=  5.02592e-07

Avgph: average power in H channel
Avgpv: average power in V channel



Reflectivity histograms

GMAP GMAP-Dusan

Raw



Kdp histograms

Raw

GMAP-DusanGMAP



Zdr histograms

Raw

GMAP-DusanGMAP



25

Squall line 
over KOUN
June 11, 2003

Ground Clutter Suppression
Performance on Weather Data (no filter)
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Ground Clutter Suppression
Performance on Weather Data (GMAP)

Squall line 
over KOUN
June 11, 2003
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Ground Clutter Suppression
(No GCF)

Squall line 
over KOUN
June 11, 2003
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Ground Clutter Suppression
Performance on Weather Data (GMAP)

Squall line 
over KOUN
June 11, 2003



Adaptive Clutter Recognition 
Criterion 

-Compute the polarimetric variables, ZDR, � hv, and
� from the spectra at and near zero Doppler

-For (SNR>5 dB): 

Declare clutter 
IF{(ZDR < -3 dB) OR (ZDR > 6 dB) OR (|� hv|<0.9) OR (� > 20o)}

Otherwise it is not clutter
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EXAMPLES

• 1 From Valery – AP and ground clutter in 
the same figure, squall line show what it 
looks like with adaptive filtering PPIs

• 2 Results of R(Zh) from GMAP with 
interpolation of powers and R(Z, Zdr), 
R(Kdp) from polarimetric algorithm in data 
notched but not interpolated – may be a 
couple of slides 


