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1. Introduction

In radar meteorology, ground der is generally defined as radaruet from ground-based
targets. Normally, ground dher islimited to within @out 30miles of the radar antenna.
Furthermore, ground diter is usually evident in the lowest elevation slices only. Because the
terrain surroundingach radar site is different, each radar exhibits a unique, persistentig
clutter pattern.

However, under certain@teorological conditions (usually atmospheric temperature inversions),
the radar beam tucted or superrefracted toward theognd. When superrefction occurs,

return from ground-based targets may be significantly increased beyond the typical, persistent
ground cliter patten. This expanded area of groundttdu isknown asanomolous

propagation,or AP.

Energy return from ground-based targets can cause significant bias in thataasstidhates.

Not only will return from ground-based targets contaaenthe WR8-88D base dta (radial

velocity, reflectivity, and spectrum widlf, but this return W also cause a significant

degradation in the quality of all WSR-88D products, since all WSR-88D products are derived by
algorithms using the base data. ur@erstandhowthis contamination occurs, one must

understand how the WSR-88D cakudls radial velocity, reflectivity, and spectrum width data.

To produce a baseth estimate, the WRS88D calcuhtes data valuder numerous small areas
calledrange bins.Like tiles which cover a floor, range bins are small portions of the WSR-
88D’s area of coverage. Each range bin is comprisediaisaller areas which are called

range resolutiorcells. The range resolution cell is the smallest area from which the WSR-88D
collects data. The netn fromeach range resolution cell, which is theuratfrom an individual
pulse within a range bin, is averaged to give a base data ediimttat particular range bin.

(See Figure 1.) Itis important to note thatteusuppression is performed on these individual
range resolution cells.
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Note: Figure 1shows four and eight sweeps per radialldistrative purposes only. In reality,
the number of sweeps per radial ranges from appedrign40 tc200.

2. Clutter Suppression

Clutter suppression filters are designed to reduce signal powesafc range resolution cell
whose mean radial velocity is at or near zero knots. To do thiercduppression filters reduce
signal power within a small velocity interval, motch width centered about the zero mean radial
velocity value. This reduction in signal power for the contabeid range resolution cell(s)
effectively decreases the clutter’'s power contribution in the given range bin. To maintain
meteorological return integrity, only the signal power whose instantaneous radial motion falls
within the notch width is reduced (Figure 2.)
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A. A depiction of the input power for a given range bin. The clutter signal has a

radial velocity centered around zero and the meteorological signal is offset from zero

due to its radial velocity.

B. Represents the clutter filter with a notch width centered on zero radial velocity.

The scale represents the amount of power reduction , from 0 dB (no power reduction) to
-50 dB (maximum power reduction), applied within the notch width.

C. A diagram of the resulting power after the algebraic addition of the signal from A

and the power reduction factor from B (A+B=C).

Remember, the goal of cluttargpression is to reduce the power return contributed bieclu
targets from the range bin prior to the calculation of the baseastimates. Thdoge, foreach
range bin in areas where clutteippression is in edfct, theportion of the power return with near

zero radial velocity will be reduced (filted¥ as represented in Figure 2C.

For additional information about ¢ter suppression in the WSR-88D system refer to WSR-88D
Clutter Sippression and Its Inagt on Meterological Data Intepretation J. N. Chrisman, et al,

1995.

3. Stens for Effectve Onerational Utilization of Clutter Sunnresson.

Given this brief review of clutteuppression, some suggestions are offered fareclu

suppression management alaather Service Office Hlizing the W3R-88D.

1. Generate 8ypass Map as soon asptical after WR-88Dacceptance. Thissuld
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be done when the @teorological conditions allow "normal” radar beam propagation for
your site for the particular season. These conditions should result in your normal ground
clutter patterrfor the time of year. A new Bypass Map should also be regtster

whenever the “normal” ground d¢ter pattern changes (e. g., atiigse building is

erecta). In addition, it is recommended that a new Bypass Map beajedeon a

seasonal basis.

The NEXRAD focal point may wish to make a hard copy of thé bdse reflectivity and
velocity products with and without the Bypass Magtelusippression in eéfct. These
hard copies will give théorecasters a sense of the effectiveness of the clutter filter in
suppressing the normal groundtedu return.

2. Choose Cltier Suppression Region File 11 to set aside as the “baseline file.” Define
two clutter sippression regions, one feach elevation segment number (see Figure 3,
below). These regions should encompass the entire radar coverage area, specify the
Bypass Map in control (Operator 8etCode 1), and use a notch widthesgion of 2
(medium) for the Survlance channel and a setion of 3 (highfor the Doppler

channel. Notice that this file is now set have the Bypass Map in control of identifying
where to apply suppression. This file allows an operator to return to basetiee clu
filtering (the Bypass Map in control) when the need for forcetlerlgippression

(Operator SeledCode 2) has atied.

CLUTTER SUPPRESSION REGIONS PAGE 1 OF 2
COMMAND: AD, WXMANL, CL, C, 11 RPG ALARM
FEEDBACK: COMMAND EXECUTED - AD, ***** CL, C, 11, DO OPER A/L 21
(M)odify, {LINE #} (DE)lete, {LINE #} (DO)wnload
(E)nd (C)ancel
Start  Stop Start Stop ElevSeg Operator Channel Width
Region Range Range  Azimuth Azimuth Number Sel Code D S
1 2 510 0 360 1 1 3 2
2 2 510 0 360 2 1 3 2
3 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0
Figure 3

3. At the beginning of each shift, download the baseline clutigsression region file (11). This



baseline clutterugpression region file Wnegate anyforced clutter sppression, thereby

revealing any AP which may be present. This procediurensgure that théorecaster&now

what clutter sppression file is in eéict and Wil enable them to make anformed decision as to
whether or not any forced clutter filtering is requiredfotted clutter filtering is required,

download the clutteruppression region file which has been set up for that particular situation (or
define one to handle the situation; see the step-by-step procedure in the UCP Operator
Handbook). If forced cliter sippression is not required (no AP present), leave the baseline
clutter sippression region file (11) in control.

4. Predefine each of tHeur Clutter Suppression Region files to include, as a minimum,
regions (lines) 1 and 2 to invoke the Bypass Map (see figure 3). Additional regions (lines)
may be defined to address particulatteluregimes as necessary.

5. Implement an office policy for documenting any changes to operator-defirieat clu
suppression regions, and a procedure for recordingatee time, and file number each
time a clutter sppression region file is downloaded to the RDA. This procedure will
ensure that everyone responsible fatadintepretation can determine the active clutter
suppression region file.

4. Examples of Creating ClutterSuppression Regiorfiles for Particular Meteorological
Situations.

In this secton, a couple of example situations which @et@orologist mightdce wil be discussed.
The situations will be described, and suggestionkow the situations could be handleil e
presented. For step-by-step instructions for building theclauppression region file at the UCP,
or for downloading a particular file, please refer to Appendix 1.

Situation 1. You are the UCP operator and have just arrived on the midnight shift. As
suggested in section ®@ve, you download Citer Sippression Region File 11, which

has been set up as the baseline grourtteclsuppression file (with the bypass map in
control). You wait for one volume scan to allow file 11 to take over, and you then check
the PUP display. No echoes are apparent on the base reflgmibdiyct, so you leave

file 11 in effect. You note, however, that with clear skies and light winds, arnatt
inversion is likely to develop, and therefore you feel that AP formation is likely during the
next several hours.

Sure enough, at about 2 AM, you notice that a few weak echoes are apparent to the south
on the base reflectivity 0°%elevation scan. You check a few higher scans, and although

no AP is present above 0,5/0u do expct additional development of AP, both at other
locations and higher elevations. Because precipitation is not expected to deyelop in
radar’s area of coverage through the night, you decide to downld#et alyppression

region file 21, which has been predefined by the NEXRAD focal point. This file has

proven eféctive at removing ARor your radar coverage area. This particular file forces



suppression over all range bins (operatogcetode 2) withiryour entire area of

coverage and for all elevation slices. It applies medium suppression (notch width 2) to
both the survilance and @ppler channels. After one volume scan, this file takes over,
and you note that the AP echoes have beat®ftly sippressed. Periodically during

the remainder of your shift, you check the basecéility product at the PUP, and no

AP is apparent. At 8 AM, you notify the day shift UCP operator that you are currently
using suppression region file 21, and that lieprobably want to return to baseline
clutter sippression (file 11) within a couple of hours, as the nocturnal inversion erodes.

Situation 2. You arrive on shift at 8 AM, and the midnight shift UCP operator informs
you that widespread AP had developed overnight. Therefore, he s Glppression
Region File 21 in use. This file is the one used by your office during situations involving
widespread AP echo coverage. Because the sun has risen, and tineathauotersion

should be eroding, you download file 11 (your office’s baselingezlgippression file),

and after one volume scan, you notice a few higlecéflity echoes tgour south,

between 16%5and 190 azimuth, and between the ranges of 125 km and 150 km. You
check a few higher elevation scans, and you note that the AP is present only iri the 0.5
and 1.5 scans. You are not expecting any additional AP to dpyaind in &ct expect

the AP to cease within drour or two. You therefore decide teate a Clutter

Suppression Region File (you choose file 31) whidhapply suppression only for the

region in which the AP is present. At the UCP, you go to theeclauppression regions
menu, and set your start range for region 3 (line 3) at 125 km and your stop range at 150
km. You set the start azimuth at 26and the stop azimuth at 190You choose

elevation segment number 1 (which includes thé @rid 1.5 elevation slices), you set

the operator select code aff@rced suppression to all range bins within the suppression
region), and you set the channel width (notch width) at 3 (high) for both the Doppler and
survellance channels. Now thgbu have ceated gppression region file 31, you save it,
and then download it to the RDA. After one volume scan, you notice that the base
reflectivity products reveal no echoes, so the suppression region file gaiedrhas
effectively sippressed the AP. At 11 AM, you feel that the inversion has been eroded, as
atmospheric mixing has taken place, evidenced by the factabhasurfice winds have
kicked up to 15 mph. You therefore downloadtelusippression region file 11 at the

UCP, to return to baseline tlar suppression, and you notice after one volume scan that
no echoes are present within your radar area of coverage.

Situation 3. You are working the 4 PM to midnight shift, and at 8:00 PM, you notice a

few thunderstorms developing about 18iles to the west ofour radar site. These

storms remain well to the west for a couple of hours, and about 10:30 PM you notice
widespread echo development beginning over much of your radar coverage area. A
quick glance at the newest satellite image shows that the only clouds in your area are
those thunderstorms well to the west of your radar site. You decide that the other echoes
are AP, and you are nowded with the decision as to whether or nohtmke cluter
suppression. Although you realize thatttdu sippression canazasionally have mor

negative impacts on precipitation echoes (e.g., reduction in power with zero radial



velocity, data smearing, ejcyou realize that your current radaatal is useless, as the
thunderstorms are embedded within widespread AP. To improve the overall quality of
your radar dta,you decide to invoke Clter Suppression Region File 31. This file is the
one used by your office to handle situations involving widespread AP. Y@gctetkat
downloading this clutter file it minimize the AP echoesraund your radar, while

leaving the precipitation echoes basically unaffected. After downloadirgiLfigou

notice that the AP has been effectivalpgressed, while the thunderstorms to your west
are once again apparent. Figures 4A and 4B show a situation where widespread AP was
occurring with embedded thunderstorms. Figure 4A shows a basetivéty product

with no operator-defined diter sippression regions being used. Figure 4B shows a base
reflectivity product from the very next volume scan, after downloadingtgeclu
suppression file to remove the AP.

Note: although using cliter suppression in areas wheregmipitation is occurringisould be

avoided in most instances, the benefits attained by using clufipression during widespread

AP / embedded precipitation situations will often outweigh any possible negative impacts on the
precipitation echoes.

Obviously, there are many different types of situations which could occur involving AP, but
hopefully these 3 examples have helped to show the reasoning process as welledisosne
which could be taken to effectively manage cluttgmsession.

5. An Example of Proper Operational Use of ClutteiSuppression

Sacramento, California is a somewhat unique radar site, for two reasons. Sacramento sits in a
valley in northern California, a valley between two basically north-south oriented mountain
ranges - the Sierra Nevada to the east, and the Coastal Ranges to the west. Because of its valley
location, Sacramento is particularly susceptible to nocturnal inversions, and thus, AP; and
furthermore, the pramity of mountains to the Sacramento radar site produces a quite extensive
ground cldter patten. For these reasons, Sacramento is a gaadidmfor exploring the use of

clutter sippression. On April 24, 1995, a nocturnal inversion developed in the Sacramento
Valley, with widespread AP manifestai. Figures 5A and 5B show the eslivity and velocity
products at 7:49 AM LST, with no dher sippression invoked. This wascomplished by

designing an operator-defined tt&r sippression region which consisted of the entire radar
coverage area, and then choosing operatectsebde 0, whichurns off all cluter suppression,
including the bypass map and default notch width map. Notice the large ar@8 dBz

echoes. South and southeast of the RDA site, and dirextly of the RDA site, much of the

high reflectivity echoes are a result of AP along the Sacramento Valley. Most of the echoes west
through northwest of the RDA site, as well as northeast through east, are the result of mountains.
Note the large area of zero radial velocity surrounding the radar as a result ofteamedogical

echo contamination of the base velocity product.

Figures 6A and 6B show the reflectivity and velogitpducts from the same morning as Figures
5A and 5B, and the same ttler sippression region (the entire radar coverage area) was chosen.



However, in these two figures, operator select code 1 was chosen. Remember that operator
select code 1 is the default clutteppression choice, in which the bypass map is in control.
Remember also that this default cluttepgression option is used to suppress return from a
particular radar’s unique, persistent groundtelupatten. Much of Sacramento’s ground ttkr

is a result of the aforementioned mountains, and note in tleetiefty product (Figure 6A) how
much of the high-redictivity echoes have beelingnated. Note also how much less

contamination (zero radial velocity) is evident in the radial velocity product (Figure 6B). Most of
the remaining high reflectivity echoes in Figure 6A are moeh-south oriented line through the
KDAX (Sacramento) RDA site. These echoes are AP echoes within the Sacramento Valley.

Since AP is occurring in the valley, the operator of the Sacramento radar downloaded a
predefined clutterugpression region file that invokes the bypass in control (operatmt selde

1) for the mountainous areas and forces suppression (operatdrcmle 2jor the Sacramento
Valley to elimimate the AP echoes. Figures 7A and 7B show thiswptNotice how nearly all

of the high reflectivity echoes have bedimmated in Figure 7A, and notice also how much

valid velocity data is apparent in FigufB. There are still a few pixels of high reditivity

apparent in Figure 7A, especially east and south of the RDA, and this is due to the unusually high
reflectivity of a @uple of the mountains very close to the RDA. Even with maximutteclu
suppression (notch width 3, approzitaly 55 dBz), some of the high reflectivity echéresn
mountains will remain as residual tler. Keep in mind, however, that Sacramento is an extreme
case. The ground dter reurn for most radar sites is much less severe than at Sacramento. This
case is an excellent example how proper use teclaippression leads to maximum rellep

of WSR-88D products.

6. Summary

The impact that a clutter-dominated power return has on the base data estimates can be
substantial. Additionally, the clutter-induced bias in the base ata affects the performance
of ALL WSR-88D algorithms and products. The intelligent appdiation of clutter gppression
will significantly improve theaccuracy of all WSR-88Dada.
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APPENDIX 1. UCP Commands for Building and Downloading Clutter Suppression
Region Files (from the WSR88D Handbook UCP -1, UCP Job Sheet 1-Modifying Clutter
Suppression Regions

NOTE: These procedures were developed for Build.0 and
MAY NOT be valid for other WSR-88D software builds.

CAUTION: There are two basic rules to follow when invokingtelusippression regions.
1) DO NOT cross over Zero degrees (Dazimuth when defining clutter suppression
regions

2) NEVER download a clutter suppressionife that contains only zeros (0s).

Both of these circumstances will cause aoren the cldter filtering logic and the message
"RDA Alarm: Notch Map Generation Errorilhbe remrded in the Systent&us (ST,S) log.
When this error occurs, the RDAILL NOT use your region definitions to suppresdteiu

1. Press th€1 key to get the RPG Main Menu.

2. TypeAD {PASSWORD 1}and presKRETURN.
- The Adaptation Data Menu appears.

3. TypeCL and presRETURN.
-The Clutter Maps Menu appears.

4. TypeC, {VCP} and presRETURN.

*NOTE: Enter ANY currertly valid VCP number(11, 21, 31, or 32). The “VCP” in this case

is actually a clutter suppression region file number. It has nothing to do with an actual
volume coverage pattern. ANY clutter suppression region file may be used with ANY volume
coverage pattern.

-The Clutter 8ppression Regions Edit Screen appears.
-The currently defined ctter sippression regions for the file name (specified in step 4)
are displayed by line (region) number on this and the subsequent page.

5. Select the line (remn) number to modify, typ®!,{LINE #} and presRETURN.
-This command initiates the editing session
-The selected line (regn) number with its currently defined paret@rs is copied into the
edit window. The cursor is positioned on the first editableatdiar.
-A new additional region may be defined by selecting a lineqn@giumber with zeros as
entries in all fields.
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6. Enter the Start RangeKILOMETERS (Start Range).
-Any number from 2 to 510 km is allowed.

7. Enter the End Range KILOMETERS (End Range).
-Any number from 2 to 510 km is allowed.

8. Enter the Start Azimuth DEGREES (Start Azimuth).
-Any number from O to 360 is allowed.

9. Enter the Stop Azimuth DEGREES (Stop Azimuth).
-Any number from O to 360 is allowed.

10. Enter the appropite Elevation Segment Number (Elev Seg Number).
1 = all elevations 4.5°
2 = all elevations > 1.5

11. Enter the approprte Operator Sele€@ode (Operator Sel Code).
0 = No filtering
1 = Bypass map in control
2 = Clutter @ippression region is in control for theesgkd start/stop range and start/stop
azimuth.

12. Enter the Notch Width for the Doppler and Silevece channels.
1 = Low. Creates a notch width ©f4 kts (or approximately 30dB).
2 = Medium. Creates a notch width-~06 kts (or approximately 40dB).
3 = High. Creates a notch widthof7 kts (or approxirately 55dB).

13. After all parareters have been modified to define thisoagpreslRETURN.
-The modifications are tgporarily stored in memory and the cursor returns to the
command line.

14. To modify or ceate additional regions, repeat stégdk3.

15. To save the changes, typand presRETURN.
-This ends the edit session and saves the edits to the adaptation file.

NOTE: If you do not wish to save the modditions, typeC and presRETURN (or presd-3).
-This cancels all modifications madaring this edit session and exits the edit mode.
NOTE: If you want the system to use this modifiedt@u Suppression Region(s), yddUST

“download” the modifications to the RDA after saving the changes. To accomplish this, do the
following:
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16. To download the Citer Suppression Region file, tyd@O and presRETURN.

NOTE: The full command on the command lin&AB,{PASSWORD1},CL,C,{VCP},DO.
-This command transmits the newly created Cluttgap®ssion R0O.egion file to the
RDA.
-The RDA will update its clutteruppression map to incorde the modified regions.
-The new cluttergppression map Wtake effect at the start of the next volume scan.
-This command may be used anytime you want to downloadteeCfuppression Region
file, whether it is a previously stored file, or one you have jested.
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Figure 4B. KFWS Base eﬂectivity, 0.5 degrees elevation, operator-

defined clutter suppression.
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Figure 5A. KDAX Base Reﬂectivit, 0.5 degrees elevation, no clutter

Figure 5B. KDAX Base eocity, 0.5 degrees elevation, no clutter
suppression.
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Figure 6A. KDAX Base Reectivty, 0.5 degrees elevation, bypass

map in control.

Figure 6B. KDAX Base eocity, 0.5 degrees elevation, bypass map
in control.
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Figure 7A. KDAX Base Reﬂect'vity, 0.5 degrees elevation, operator-
defined clutter suppression invoked.

Figure 7B. KDAX Base eocity, 0.5 degrees elev

ation, operator-
defined clutter suppression invoked.
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