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region. For a more detailed description of this algorithm, refer to MlTlLL (1995).
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Figure 1. Region boundaries and names used by the
MIT/LL NEXRAD clutter removal algorithm.
3. TRUTHiNG/SCORING METHODOLOGY
For this analysis, we selected ten cases from Memphis
(MEM) that either exhibited AP only, weather only, or a combination of both. in order to identify regions contaminated by
AP required an examination of the reflectivity and velocity
data for all elevation angles in the volume scan. Data from
the aloft angles were used to discriminate AP from weather
based on the vertical reflectivity structure. Each patch of
contiguous AP was enclosed by a polygon with a reflectivity
threshold to distinguish the AP from the clear-air returns.
The clear-air threshold was defined as the upper limit of the
clear-air returns within the polygon. For some of the events,
there were weather echoes intermingled with the AP. In this
case, a second polygon was used to identify those bins within the AP polygon that contained weather.
4. PERFORMANCE RESULTS
The performance results areshown in Table 1. Overall, the
algorithm removed 67.6 percent of the AP bins and 4.1 perTABLE 1. Algorithm Performance Results
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cent of the weather bins from this data set. If we analyze the
algorithm performance on acase-by-case basis, therewas
significant variability from the average. The most signiffmnt
case of overediting was on 950630. This was a case wrtth
small, isolated echoes that showed liffle or no cell motion.
Thus, there were large patches of near-zero velmtttes
associated with the weather echoes.
5. FAILURE MECHANISMS We have identified three major limitations of this algorithm:
1. Does not perform welt in regions with no veto&y/
spectrum width data,
2. Does not perform well if the AP is intermingled with
high reflectivity clear-air returns, and
3. Does not perform well if the AP region contains range
folded weather echoes or noise.
In order to further define the limitations, the flags were me
dified to include four major failure mechanisms based on the
algorithm thresholds, iackof data, and range folding. The resuits of this analysis are shown in Table 2. The primary
cause for incorrect AP flagging was contamination from
range folded weather echoes. More than one-half of thefailure cases were caused by this problem. The vast majority
of the remaining failure cases were due to the velocity or
spectrum width thresholds being exceeded. Only five percent of the AP flagging failures were caused by a lack of velocity/spectrum width data. These results suggest that the
greatest performance improvement could be achieved by
adjusting the algorithm to better account for range folded
weather bins intermingled with AP bins.
TABLE 2. Frequency of Fgi[ure Mechanisms
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6. ALGORITHM MODlFlCATlONS

Based on this analysis, we propose several modifications
to improve the algorithm’s performance. The first would be
to perform a reflectivity texture analysis such as median flltering on the edited data. It is critical that this procedure be
implemented on the higher resolution base data to ensure
the filter does not remove small storms from the composite
maps. The second change would be to adjust the velocity/
spectrum width thresholds up slightly to determine the
PEAP versus PEW tradt+off. We are currently evaluating
whether parameter modifications can provide a significant
increase in the editing of AP without adversely impacting the
editing of weather echoes.
Figures 2A and 28 are examples of an unedited and AP
edited composite map for the 940701 event. The majority of
the echoes between 190 and 020 degrees are weather,
white the majority of the echoes between 020 and 190 degrees areAR The algorithm only does a marginal job of eliminatfng the AP contamination for this event. There are large
patches of unedited AP that correspond to the velocity
range limit, e.g., 150 to 180 km. The algorithm performance
was degraded by missing data, range folded data, and &atiform weather echoes intermingled with the AR The major-

ity of the AP residue for this and most other cases is
c%peokled”in nature and is easily distinguishable from the
weather. It could be removed by a twdimensional
median
filter which requires the majority of the bins within the filter
contain valid data. If the majorii of the data bins within the
filter are flagged as bad due to AP. the remaining unflagged
AP bins will also be set to bad. Since the weather returns are
contiguous, the filter would have little negative effect except
for the low reflectivity returns at the edge of the echo.
7. CONCLUSIONS
An algorithm designed to remove AP contamination from
the NEXRAD data was developed and tested using ten
events from MEM. This algorithm has the dual advantage of
removing AP contamination, with only a slight impact on the
removal of valid weather echoes. Specifically, it removed
67.6 percent of the AP bins and only 4.1 percent of the
weather. The performance could be improved even further
by implementing a median filter on the base data to remove
the AP “speckle” that remains after the initial editing phase.
Westrongly recommend this technique be included in thefinal algorithm &figuration.
Further improvements might be achieved by implementing techniques found useful in other systems. In addition to
clutter filters, the AS%9 Wind Shear Processor system
identifies echoes with spectral characteristics indicative of
ground clutter by a technique which determines the difference in signal return between the all-pass and the least attenuating filter (Cullen, 1996). If the difference exceeds a
pm-defined threshold, e.g., 29 dB and the data bin is not
flagged as containing ground clutter by the clutter maps, it

is considered to be AP (Cullen, 1996). This approach has
the advantage of removing AP with the least attenuating filter, while maintaining the integrity of the’ weather returns
when they exceed the residue clutter.
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Figure 2. Composite reflectivity map without AP editing (2A. left) and with AP editing (28, right). Range rings are in km.
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