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1. Introduction 

Implementation of the AP Clutter Mitigation 
Scheme is underway within the WSR-88D system 
as part of the Open Radar Product Generator 
(ORPG; Saffle et al. 2001). Once fully 
implemented, this scheme will improve the radar 
base data quality by identification and removal of 
ground clutter produced under anomalous 
propagation (AP) conditions. The current WSR-
88D quality control system removes ground clutter 
that is present during normal propagation 
conditions by application of clutter bypass maps. 
AP ground clutter requires manual application of 
additional clutter filters. The AP Clutter Mitigation 
Scheme is working toward full automation of 
ground clutter filter specification and control. The 
first step in this implementation was achieved 
when the AP Clutter Detection Algorithm (APDA) 
was deployed during Build 2 of the ORPG in 
September 2002. Output from the APDA is 
available for perusal on the ORPG Clutter Filter 
Control panel and is expressed in terms of “clutter 
likelihood values” between 0-100, with 100 
meaning that clutter is very likely present. 

The WSR-88D AP Clutter Mitigation Scheme 
(Ellis et al. 2003; Kessinger et al. 2002) consists of 
three parts:  1) the Radar Echo Classifier (REC) of 
which the APDA is one module and the 
Precipitation Detection Algorithm (PDA) is a 
second module, 2) the Reflectivity Compensation 
Scheme (Z-Comp), and 3) clutter filter control.  

The Enhanced Preprocessing Subsystem (EPRE; 
O’Bannon and Ding, 2003) is an enhanced version 
of the Precipitation Pre-processing Subsystem 
(PPS; Fulton et al. 1998; O’Bannon 1998) and is 
used to compute radar-derived rainfall estimates. 
The EPRE was implemented in ORPG  

 

Build 5 in spring 2004 and uses the APDA to 
remove clutter from the hybrid reflectivity scan. 
Once fully deployed within the ORPG, output from 
the APDA, the PDA and the Z-Comp will be input 
into the EPRE. The PDA and the Z-Comp output 
will further enhance EPRE precipitation estimates 
by correcting for the clutter filter bias in the 
reflectivity within precipitation-only echoes. 

The Sigmet Corporation RVP8 digital signal 
processor will be installed on WSR-88D systems 
as part of the Open Radar Data Acquisition 
(ORDA; Elvander et al. 2001). The RVP8 has also 
been installed on the NCAR S-band dual-
Polarization radar (S-Pol) (Keeler et al. 2000) as a 
parallel processor (Keeler et al. 2003). The RVP8 
processor will allow the use of spectral domain 
processing and will facilitate greater improvement 
in base data quality. Modification of the AP Clutter 
Mitigation Scheme to accommodate the new 
ORDA processor is planned and some preliminary 
results are presented. 

The United Arab Emirates (UAE) has a network of 
five Enterprise Electronics Corporation (EEC) C-
band radars. Atmospheric conditions leading to 
anomalous propagation of the radar beam are 
severe in the summer and lead to extensive AP 
ground clutter and sea clutter contamination in the 
base data fields. The UAE funded an effort to 
improve the quality of the radar base data fields 
through the use of the REC to remove ground and 
sea clutter. A Sea Clutter Detection Algorithm 
(SCDA) was developed and has been deployed on 
their radars as has a modified version of the APDA 
(called the mAPDA). Results are presented.  
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2. The WSR-88D AP Clutter Mitigation 
Scheme 

2.1. Radar Echo Classifier 

The radar echo classifier (REC) is an expert system 
that uses “fuzzy-logic”, data fusion techniques 
(Kosko, 1992) to estimate the type of scatterer 
measured by a radar and uses the moment fields of 
reflectivity, radial velocity and spectrum width as 
input. The REC as devised for the WSR-88D is 
described in detail in Kessinger, et al. (2003). The 
two WSR-88D ORPG algorithms are the AP 
Detection Algorithm (APDA) that classifies 
regions of ground clutter and the Precipitation 
Detection Algorithm (PDA) that classifies regions 
of convective and stratiform precipitation. The 
APDA and the PDA were developed using data 
from several WSR-88Ds and the S-Pol (Kessinger 
et al. 1999). Real-time deployment of the REC has 
been accomplished on the S-Pol at various field 
experiments since June 2000. 

2.2. Reflectivity Compensation Scheme 

The Reflectivity Compensation scheme (Z-Comp) 
uses a Gaussian approximation for the precipitation 
spectra and a simulated WSR-88D clutter filter to 
estimate the correction to offset the clutter-filter-
induced (negative) bias in the reflectivity. Details 
of the algorithm design and implementation are in 
Ellis (2001). The Z-Comp method has been tested 
quantitatively using WSR-88D time-series data 
(aka Archive 1) collected at the Memphis (KNQA) 
WSR-88D and has been run operationally on the S-
Pol since 2001. 

Within the AP Clutter Mitigation Scheme, output 
from the REC APDA and the PDA determine 
where the Z-Comp scheme is applied such that 
only regions of precipitation are compensated. This 
prevents undesired compensation of reflectivity 
values within ground clutter return.  

3. REC Transition from the ORPG to the 
ORDA 

For the ORDA, the AP Clutter Mitigation Scheme 
will be adapted to incorporate spectral domain 

processing techniques. The Sigmet Corporation’s 
RVP8 digital signal processor will be the new 
processor for the WSR-88D and is planned for 
deployment on Build 8. The RVP8 has also been 
installed on the NCAR S-Pol (Keeler et al, 2003). 
The RVP8 allows various spectral processing 
techniques to be used for clutter filter removal that 
should lead to additional enhancements in radar 
data quality. Having RPV8 on both the S-Pol and 
the WSR-88D will expedite technique 
development and deployment. 

The ability to create new feature fields for input 
into the REC is enhanced with spectral domain 
processing. Two new variables have been designed 
based on spectral characteristics and were input 
into the APDA. Membership functions were 
devised and results compared to the APDA without 
the spectral variables to show the improvements 
possible in the spectral domain. 

Figure 1 shows an idealized power spectrum, F(gi), 
where gi is the velocity index with gn 
corresponding to the Nyquist velocity and where 
F(gi) is the power at the gi velocity index. In this 
simple example, it is assumed that the duration of 
the time series samples yields a velocity increment 
(delta g) of about 0.5 m s-1 such that the majority 
of the clutter power is contained in the spectral 
points g0, g-1 and g1. The large broad “hump” to the 
left of the clutter is precipitation return. 
Comparison of the power values at various points 
in the spectra will yield useful information and 
help to discriminate clutter from precipitation.  

For example, calculating the “clutter power” (Cp) 
can be done as follows: 

Cp = [F(g∑ 0) + F(g-1) + F(g+1])         Eq. 1 

where F(gi) corresponds to the power at the ith 
velocity index. The Cp contains the power that is 
indicated by the blue region in Fig. 1. Calculating 
the “power near zero” (Pnz) is done as follows: 

Pnz = ∑ [F(g-3) + F(g-2) + F(g2) + F(g3)].      Eq. 2 



The Pnz contains the power to either side of the Cp 
region and is indicated by the green regions in   
Fig. 1. The “total power” (“Ptot”) is the summation 
of the power at all velocity indices and is 
calculated as follows: 

Ptot = ∑ F(g
−

n

n
i)            Eq. 3 

where i is summed from –n to +n. Using these 
equations, two new variables are defined, termed 
“Ratio 1” and “Ratio 2”, that are calculated as 
follows: 

Ratio 1 = Cp/(Ptot –Cp)             Eq. 4 

and  

Ratio 2 = Cp/Pnz.           Eq. 5 

These variables should enable better discrimination 
between convective precipitation return and clutter 
return. Clutter typically has a narrow spectrum 
while convective precipitation has a broad 
spectrum. Stratiform precipitation is not being 
considered in this discussion. When Ratio 1 is 
large, then the majority of the power is at the 
velocity index g0 and may be a good indicator of 
clutter return. Likewise, when Ratio 2 is large, this 
indicates that the majority of the power is at the g0 
velocity index rather than in the Pnz region and 
suggests a narrow spectrum at g0. Clutter return 

may be indicated when both ratios are large. 

Using time series data from the Norman WSR-88D 
(KOUN) radar, both ratios are calculated. The 
variables Ptot, Cp and Pnz are shown in Fig. 2 with 
the moment data. As suggested, these variables 
show a good ability to discriminate between 
precipitation and clutter return in this example. The 
Ratio 1 and Ratio 2 fields (Fig. 3) show that both 
Ratios tend to be large within clutter when 
compared to precipitation return. 

After devising appropriate membership functions 
for Ratios 1 and 2, the spectral variables were input 
into the APDA as additional feature fields. To 
distinguish the original APDA without spectral 
domain variables from the APDA with spectral 
domain variables, the latter will be referred to as 
APDA-spectral. As is seen in Fig. 4 especially in 
the region enclosed by the red ovals, the APDA-
spectral has better performance at discriminating 
between precipitation and clutter echoes than the 
original APDA. Less precipitation is incorrectly 
removed using the APDA-spectral.  

These results are very encouraging for the 
migration of the APDA into the ORDA 
environment with resultant improvements in radar 
data quality. Development is continuing, additional 
results will be presented at the conference.  

g0g-1 g1g-2 g2 g3

Clutter 
Precipitation 

g-n g-3

Figure 1. An idealized power spectrum that contains precipitation and clutter return. The velocity index is 
indicated by “gi” with indices ranging from –n to +n, the limits of the Nyquist velocity. The blue region 
encloses the “clutter power” which corresponds to the power in the velocity indices of g-1, g0 and g1, and is 
termed “Cp”. The green regions contain the “power near zero” at the velocity indices of g-3, g-2, g2 and g3 
and are termed “Pnz”. 

gn 



 

a) Power b) Radial Velocity c) Spectrum Width 

Precipitation Precipitation

NP Ground Clutter

f) Power near Zero d) Total Power e) Clutter Power 

Figure 2. An example of spectral domain variables as calculated from KOUN time series data. Fields 
shown are a) reflectivity (dBZ), b) radial velocity (m s-1) with values near 0 m s-1 shaded cyan, c) 
spectrum width (m s-1), d) the total power (Ptot) field, e) the clutter power (Cp) field and f) the power 
near zero (Pnz) field. Notice the good discrimination between NP clutter and precipitation return.  

a) Ratio 1 b) Ratio 2

Figure 3. The results of the Ratio 1 and Ratio 2 calculations are shown for the KOUN data s
in Fig. 2.  
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Figure 4. Comparison of the KOUN reflectivity and radial velocity fields when the APDA and the 
APDA-spectral are used to threshold the fields. Fields shown include a) unthresholded reflectivity 
(dBZ), b) unthresholded radial velocity (m/s), c) reflectivity thresholded with the original APDA,         
d) radial velocity thresholded with the original APDA, e) reflectivity thresholded with the APDA-
spectral version and f) radial velocity thresholded with the APDA-spectral version. All thresholds were 
applied at an interest value of 0.5. Red ovals enclose precipitation return. 
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0 
A threshold of 0.5 is desired for all REC 
algorithms.  

All feature fields are calculated as a first step, and 
then each detection algorithm uses the pertinent 
features. With one exception, the features are 
computed over a small region typically defined as 
two beams on either side of the current beam and 
+1 km (Doppler fields) or +2 km (reflectivity 
fields) in range from the current gate. The vertical 
difference of the reflectivity (GDZ) is computed as 
a gate-to-gate difference. The following equations 
are used to calculate the REC features fields.  

The "texture" of the reflectivity (TDBZ) field is the 
mean squared difference of the reflectivity and is 
calculated as shown in Eq. 6. For all equations that 
use reflectivity, the calculations are done in linear 
space.  
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As described above, the vertical difference of the 
reflectivity (GDZ) field computes a gate-to-gate 
difference of the reflectivity values between two 
elevation angles as shown in Eq. 7. 

angle
lower

angle
upper DBZDBZGDZ −=    Eq. 7 

For the SCDA, three feature fields have been 
devised that use the GDZ variable. First, it is used 
as specified in Eq. 7. Second, to allow for the 
presence of stratiform precipitation, the GDZ field 
is multiplied by the range weighting function 
(RangeWgt; Fig. 5) as specified in Eq. 8. 

iii RangeWgtGDZRGDZ ×=    Eq. 8 

         200                      300 
m) 

n RGDZ.  



where i is the range gate number. Stratiform 
precipitation at long ranges from the radar will 
have large vertical differences in reflectivity values 
between elevation angles due to the shallow extent 
of the precipitation echo. The RGDZ feature field 
is an attempt to reduce these large differences at 
long ranges.  

Third, GDZ is divided by the sine of the angular 
difference between the two elevation angles, as 
shown in Eq. 9, to calculate the vertical gradient of 
the reflectivity difference. 

])sin(*[ i
angle
lower

angle
upperii RangeGDZRSINZ Θ−Θ=            Eq. 9 

where i is the gate number along the beam and 
Range is the radar range to the ith gate. For the 
same difference in reflectivity values between two 
elevation angles, the value of RSINZ will be larger 
at short ranges and smaller at long ranges.  

The median radial velocity (MDVE) and the 
median spectrum width (MDSW) fields are 
calculated over the local area and used as feature 
fields. Using the median value has advantages over 
the mean value since the underlying structure 
within the field is preserved within noisy 
measurements. 

The standard deviation of the radial velocity 
(SDVE) is calculated over the local area using Eq. 
10.  
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The SPINchange variable (also called SPIN) 
measures the number of changes in slope (i.e., first 
derivative sign changes) within the gate-to-gate 
reflectivity difference field, expressed as a 
percentage of all possible differences, that exceed 
the minimum difference (DBZthresh) allowed      
(Eq. 11). Steiner and Smith (2002) use a value of 
DBZthresh=2.0 for the WSR-88D data. For the REC 
(using S-Pol), the value of DBZthresh=11.0 to better 
distinguish clutter from precipitation.  
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However, SPINchange_counts is not incremented 
for ( ) threshii DBZDBZDBZ >− +1  unless there has been 
a change in the slope of the reflectivity difference. 
For example, if the reflectivity difference is 
increasing along the beam and then decreases, 
SPINchange_counts is only incremented at the gate 
where the decrease begins. 

4.2. mAPDA and SCDA Feature Fields 

The feature fields used by the mAPDA include: 
TDBZ, MDVE, MDSW, SDVE, SPIN, GDZ, and 
RSINZ. The feature fields used for the mAPDA 
differ from those used for the WSR-88D APDA 
(see Kessinger et al. 2003). The GDZ and the 
RSINZ are added feature fields. Equal weights are 
used for all feature fields. Membership functions 
are shown in Fig. 6 with two of them differing 
slightly from those developed for the WSR-88D 
due to differing data characteristics of the EEC 
radars. 

Feature fields selected for use by the SCDA 
include: TDBZ, MDSW, SDVE, SPIN, GDZ, 
RGDZ, and RSINZ. Because the vertical variation 
in reflectivity is such a strong indicator for sea 
clutter, three feature fields were devised with this 
indicator. Equal weights are used for each feature 
field. Membership functions are shown in Fig. 7. 
The SCDA is applied only over oceanic regions 
through the use of a terrain mask. 



 
 

 
 

Figure 7.  Membership functions for the sea 
clutter detection algorithm (SCDA) as used on 
the UAE EEC C-band radars. 
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Figure 6.  Membership functions for the modified 
AP clutter detection algorithm (mAPDA) as used 
on the UAE EEC C-band radars.   
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4.3. UAE Results 

The locations of the five radars in the UAE are 
shown in Fig. 8. The Arabian Sea and coastline 
features are common to all radar sites.  
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Figure 8. This map shows the locations of the five 
EEC C-band Doppler radars in the United Arab 
Emirates. They are: 1) Al Dhafra, 2) Dubai, 3) Al 
Ain, 4) Muzaira and 5) Dalma. 

 

Results from the modified REC (with mAPDA and 
SCDA) are shown for three of the radars on 
differing days. Each of the figures are organized in 
the same manner with the original, unedited 
reflectivity and radial velocity fields shown at the 
top of the figure and the corresponding thresholded 
reflectivity and radial velocity fields shown at the 
bottom. The thresholding is accomplished with the 
output from the mAPDA and the SCDA using a 
threshold value of 0.5 for both.  



a) Reflectivity b) Radial Velocity

The first example (Fig. 9) is taken from the Dalma 
radar on 24 May 2004 at 1242 UTC along the 0.5 
deg elevation scan. The Dalma radar is sited on an 
island in the Arabian Sea, as shown in Fig.8. As 
seen in Fig. 9a and 9b, extensive sea clutter return 
is measured along with ground clutter from coastal 
features. The high reflectivity values in the sea 
clutter are especially striking as are the large 
regions of contamination. The mAPDA and the 
SCDA remove the majority of the contamination 
with scattered points remaining as seen in Fig. 9c 
and 9d. The remaining scattered points generally 
have a low reflectivity value of 15 dBZ and below. 

Applying a de-speckling algorithm to the 
thresholded fields could further improve the 
results.  

Figure 9. Radar data from the Dalma radar are shown from 24 May 2004 at 1242 UTC at 
0.5 deg elevation. Fields shown are: a)  unedited reflectivity (dBZ), b) unedited radial 
velocity (m/s), c) reflectivity data thresholded with the mAPDA and the SCDA (dBZ) and   
d)  similarly thresholded radial velocity data (m/s). Radial velocity values near zero m/s 
are shaded cyan. Range rings are at 50 km intervals. 
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a) Reflectivity b) Radial Velocity

A second example (Fig. 10) is shown using data 
from the Dubai radar on 9 June 2004 at 2348 UTC 
and along the 0.6 deg elevation scan. This case is 
also characterized by sea clutter and ground clutter 
returns as seen in Fig. 10a and 10b. The UAE REC 
removes much of the contamination (Fig. 10c and 
10d) and leaves scattered points that could be 
mostly removed by a despeckling algorithm.  

Figure10. Similar to Figure 9, radar data from the Dubai radar are shown from 9 June 
2004 at 2348 UTC at 0.6 deg elevation.  

c) Thresholded Reflectivity d) Thresholded Radial Velocity 



a) Reflectivity b) Radial Velocity

The third and last case is taken from the Al Dhafra 
radar on 24 May 2004 at 1545 UTC (Fig. 11). The 
0.6 degree elevation angle is shown. Like the other 
cases, extensive sea clutter is observed to the limit 
of the radar range, about 230 km (Fig. 11a and 
11b). Clutter filters are in use for ground clutter 
return (over the land regions only) with the result 
that the reflectivity return consists of clutter-filter 
residual that can be seen near the coastline and 
inland as scattered, small regions of return. After 
application and thresholding of the mAPDA and 
SCDA, much of the sea clutter contamination is 
removed as are additional regions of the clutter-
filter residual reflectivity (Fig. 11c and 11d). 

These results show the effectiveness of the UAE 

REC at removing contamination caused by ground 
clutter and sea clutter return.  

5. Summary 

An update on the AP Clutter Mitigation Scheme 
for the WSR-88D has been given. New spectral 
domain variables were input into the APDA. 
Results show that data quality improvement should 
be realized in the moment fields with the addition 
of spectral variables into the APDA. Migration of 
the APDA into the ORDA is being planned now. 

The UAE version of the REC was presented and 
the mAPDA and the SCDA described. Results 
were shown for three cases of sea clutter and 
ground clutter contamination from three different 

Figure 11. Similar to Figure 9, radar data from the Al Dhafra radar are shown from 24 
May 2004 at 1545 UTC at 0.6 deg elevation.  

c) Thresholded Reflectivity d) Thresholded Radial Velocity 



radars. The UAE REC has demonstrated its 
effectiveness at removing sea clutter and ground 
clutter contamination. The SCDA will be 
implemented in the ORPG at a future date.  
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