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ABSTRACT

On 4 June 2013, a military chaff releaseoccurred near Huntsville, Alabama, within the University of
Alabama in Huntsville (UAH) mesoscalenetwork. This eventwas unusual becausethe chaff remainedin the
atmosphereéd maintaining a radar echoon nearby weather radarsd for nearly 10 h after the initial release.
This paper examinesthe radar evolution of the chaff event, supplementedby environmental observations
using the UAH profiling equipment. Additionally, unique operational considerationsfaced by the National
Weather ServiceWeather ForecastOffice in Huntsville are addressed.

1. Introduction

Chaffis composedf small aluminumcoated sil-
ica core strandsandis known for its highly reflective
propertiesin the microwave part of the electromag
netic spectrum [United States Air Force (USAF)

1997. It is usedas an aircraft radar countermeasure

andcommonlyappear®n weathemradarslocatednear
military basesduring training exercises.One such
chaff releaseoccurredat approximatelyl830 UTC 4

June2013nearHuntsville, Alabama during a military

exerciseat the United StatesArmy RedstoneArsenal
(RSA). Similar to other chaff releases,this event
showedprominentlyon nearbyweatheradars suchas
the NationalWeatherService(NWS) WeatherSuweil-

lanceRadar1988 Doppler (WSR-88D) locatedin Hy-

top, Alabama (KHTX, Fig. 1), equippedwith duat

polarization capability. However, unlike numerous
well-documentedexamplesseenacrossthe WSR-88D

network prior to this event, this chaff releasewas
unusualn thatthe chafflingeredin the atmospheréor

nearly 10 h, maintaininga radarechountil just after
0430 UTC 5 June 2013. Under typical conditions,
chaff will remainin the atmospherdor 2i 5 h (USAF

2010).

“Redstone
Arsenal

Figure 1. 0.5° base reflectivity from KHTX valid 1957 UTC 4
June 2013, about 9@in after the initial chaff release. Maximum
reflectivity was 62.5 dBZ. Relative locations of the KHTX radar
and profiling instruments at the MIPS site locatedAH are indt

cated withwhite markers. The red crebsir marker within the
chaff radar echo indicates the point source location for the initial
radar echo associated with the chaff release. Redstone Arsenal is
outlined in white here and in subsequent radar fig@@hsk image

for an externalversion;this appliesto all figureshereafter.
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Chaff fibers from RR-188, one of the manyforms
of chaff, are extremelysmall [length= 0.76 2.54 cm
(0.3/ 1 in); diameter= 25.4nm) andlight sothatthey
remainin the air long enoughto confusehumaninter-
pretation or computeralgorithms of aircrafttracking
radar before drifting to the ground. A single RR-188
cartridge containsapproximately5.46 million fibers,
that whenreleasedjnitially occupiesa sphericalvol-
ume before dispersing (USAF 1997). Examples of
chafffibersfrom this eventareshownin Fig. 2.

Figure 2. Clumps of chaff fibers collected big. Wade andT.

Murphy near the initial radar echo point source indicated in Fig. 1.

Radarchaff usedto studyclearair convection has
a fall speedbetween0.33and1.67m s* (e.g., Row
land 1976) Chaff may be lofted if releasedinto a
convective thermal with vertical motions exceeding
this fall speed.Clearair convectioncausedthe chaff
studiedby Rowlandto rise rapidly to the top of the
convectiveboundarylayer (CBL). The volume occu
pied by the chaff spreadout sphericallyandincreased
in size by 25/ 50%. The chaff i b u b bdtiftedswith
the backgroundwind for up to 30 min beforedissipat
ing. Radarreturnsfrom chaff may interferewith radar
precipitationestimation(e.g., Vasiloff and Struthwolf
1997) or evenbecomeembeddedn precipitationand
enhanceradarreturns(e.g., Brandt and Atkin 1998).
Hanetal. (2011)showedreflectivity factorat horizon
tal polarization(Z) of initial point echoedrom a chaff
releasemight approachH30i 50 dBZ beforediffusing to
<30dBZ within a matterof minutes.

Z r nandRyzhkov (2004) examinedpolarimetric
propertiesof a chaff eventin Oklahoma,noting Z <30
dBZ, differential reflectivity (Zpg) of Oi 6 dB, andcor-
relation coefficient (3,) of 0.21 0.5. However, these
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weremeasuredafterthe chaff haddrifted into southern
Oklahoma,diffusing from its releaseocationin east
ern New Mexico. For comparisonwith precipitation,
Zpr Canoccupya wide rangeof valuesbecausat is
shapedependentHowever j, is bestfor discriminat
ing betweerchaff andprecipitationbecauset is >0.98
in rain, >0.6'0.8 in melting snow, and typically >0.8
in hail ( Z r andRlyzhkov2004;Kumjian 2013a).

The chaff releaseon 4 June2013 occurredwithin
the northern Alabamamesoscal@etwork(describedn
section2), allowing for a high-resolutiontemporalex-
aminationof the boundarylayer for thee v e rdurs
tion. Thisp a p @mmargpurposes to detailtheradar
evolution of the chaff andexplorewhy it remainedin
the atmospheravell afterits initial release Givenin-
creasecpublic awarenesand useof commonmeteor
ological tools, suchasweatherradar,the chaff release
garneredmuchmediaand public attentionin northern
Alabama(e.g.,Gattis2013;Gore2013a,b;Roop2013;
WHNT 2013).This was exacerbatedby R S A thisal
reluctanceo confirm the chaff releaseasthe sourceof
the radar echo and the fact that radarobservedchaff
echoesare uncommonnear RSA (Gattis 2013). The
unusualnature of the event presentedunique opera
tional challengedfor the NWS WeatherForecastOf-
fice (WFO) in Huntsville, and this paperwill outline
thoseissues.

2. Data and methods

Thedatafor this studyarederivedfrom a subsebf
instrumentswithin the northern Alabama mesoscale
networkd the University of Alabamain Huntsville
(UAH) Mobile Integrated Profiling System (MIPS;
Karan and Knupp 2009) and KHTX radar. Figure 1
shows the relative locations of theseinstrumentsin
northernAlabama.KHTX radardatawereevaluatedn
the Gibson Ridge softwareprogram,GRLevel2 Ana-
lyst (GR2A), and precipitation data were evaluated
usingthe National Oceanic and Atmospheric Adminis
tration (NOAA) Weatherand Climate Toolkit. The
¢ h a fralabewolution was largely assessedsing Z;
however,the polarimetricvariablesZpr and}y, were
comparedo previousradarchaff studies Precipitation
data were assessedising 1-h total and stormtotal
precipitationfrom both legacy (i.e., basedon Z) and
polarimetric(basedon combinationf Z andZpg) al-

! The AdvancedRadarfor Meteorologicaland OperationalRe-
search (ARMOR) polarimetric C-band Doppler radar and the
Mobile AlabamaX-band(MAX) polarimetricDopplerradarwere
notoperationaburingthis event.
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Table 1. MIPS instrumentpecifications
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. Measurement Vertical Temporal Dwell

Instrument Quantities Measured or Calculated Height Resolution Resolution Time

915MH2 Slgnalto-_nmse ratio, vertical velomty_, spectral width, 0.12 4 km 105 m 60's 30s
profiler horizontal wind, Doppler velocity spectra

Ceilometer Two-way backscatter, cloud base 0.03 15km 10 m 15s 15s

gorithms (Berkowitz et al. 2013). The MIPS instru-
mentsusedfor this studyincludea 915MHz Doppler
wind profiler anda lidar ceilometer.The MIPS operat
edfromits i h o ma slacationonthe UAH campus.
Summarie®f the MIPS instrumentspecificationaused
in this studyaregivenin Tablel.

The MIPS allowedfor atemporalevaluationof at
mosphericconditionsfor the durationof the chaff e-
vent. The 915MHz Dopplerwind profiler is primarily
a boundarylayer radarsensitiveto Bragg scattersuch
that the height of the returnedsignalis dependenbn
water vapor concentration atmosphericstability, and
turbulent mixing processeslts data were averaged
over 30 min to produceconsensusvind profiles using
the National Center for Atmospheric Researchim-
proved MomentsAlgorithm (NIMA) software(Corn
manet al. 1998; Morse et al. 2002). The evolution of
the backgroundboundarylayer wind was evaluated
with the NIMA wind profiles. Raw 915MHz 1-min
spectral data of signatto-noise ratio (SNR), radial
velocity (Vg), and spectralwidth (SW were usedto
characterizethe boundarylayer evolution, timing of
the chaff drift over the MIPS site, backscattereturn
from the chaff, and thermal updraft lofting of chaff.
The 915MHz Vi datarepresentvertical particle mo-
tion (W), whereW = air motion (w) + particleterminal
fall velocity (Vr), when assumingthat Rayleigh scat
tering of chafffibersdominatesverthe Braggscatter
ing of vertical variationsin temperatureyater vapor,
andturbulence Thelidar ceilometermeasuresertical
profiles of aerosolbackscatteat 15-s temporalresolu
tion and 10-m gatespacing.The ceilometerdatawere
usedto estimatethe CBL heightduring the chaff re-
lease(e.g.,Eresmaeaetal. 2012).

3. Analysis and discussion
a. Radar andenvironmentnalysis

At approximately1836 UTC 4 June 2013,a Z
point sourceof <15 dBZ appearecbn KHTX at 0.5°
elevation(near0.8 km AGL) 65 km westsouthwesof
theradarand8.4 km westsouthwesof the MIPS, near
the northwesterrmostcornerof RSA (Fig. 3a). The Z
echo quickly expandedn a circular shapewhile in-
creamg in magnitude similar to other clearair chaff

releasege.g.,Rowland1976).At 1934UTC, aboutan
hour after the initial releasethe ¢ h a fZfedhsex
pandedto a diameternear11 km and a spatial maxr
mum Z (Zmay >55 dBZ (Fig. 3b), reminiscentof a
strongairmassthunderstormAt 2015UTC, a second
Z point sourceappearedon KHTX at 0.5° elevation
(near0.9 km AGL), approximatelys5 km due southof
the original Z point release and still within the RSA
border. The secondZ region also quickly expanded,
mergingwith the largeroriginal Z regionto the north,
while preferentially expandingeastwardacrossRSA
(Figs. 3c and 3d). Whenviewed as a radaranimation
(Fig. 3 animation),this secondchaff releasehasthe
appearancef gustfront convectiveredevelopmeng-
long the southernflank of a thunderstormThe now
combined high-reflectivity core with values of Z
O 5 8BZ continuedto appearon KHTX at 0.5° until
2133 UTC (Fig. 3d), while Z.x O 5 @BZ lasteduntil
2358 UTC, after which Z valuesslowly decreaseds
the chaff gradually diffused in the atmosphergFigs.

3e and 3f). The maximumspatialZ.x for thee ve nt 6 s

durationwas 64.5 dBZ at 2003 UTC, nearly 90 min-
utesafter the initial release This is uniquebecauseZ
typically peaks soon after releasebefore gradually
decreasingThe extendedperiod of Z.x >50 dBZ is
also unusualfor a clearair chaff release(e.g., Row-
land 1976; Han et al. 2011) and likely indicative of
weak boundarylayer winds causinga slow diffusion
rate of the chaff fibers. This is confirmedby a time-
height section of winds derived from the 915MHz
profiler (Fig. 4) that generallyshowsweak( ®6 m §'
or <7 kt) andvariablewinds below 1.5 km AGL from
the time of the chaff releaseuntil 0200 0300UTC 5
June2013.

By 0000 UTC 5 June 2013, the ¢ h a frdddr s
appearancevas raggedand ill -defined, losing its cir-
cular shape(Fig. 3e). However,Z.« O 3 @BZ contin
uedfor severalmorehours,indicatinga persistenhigh
concentrationof chaff fibers. This would last until
0230 0330UTC, whenZ,,,decreasetb <30dBZ and
the ¢ h a fZf edh® drifted west and finally west
northwest into Tennesseeand out of the northern
Alabamamesoscalaetwork (Fig. 3f). The decreased
Z and westwardmotion of the radarechowas coin
cidentwith anincreasdan eastto eastsoutheastvinds
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Figure 3. 0.5° base reflectivity from KHTX valid (a) 1845 UTC, (b) 1934 UTC, (c) 2015 UTC, (d) 2133, (e) 0007 UTC, and (f) 0333 UTC
4i 5 June 2013XClick image for an animation frod807UTC 4 June2013 to0530UTC 5 June2013
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Figure 4. Time-height section oWinds (kt multiply by 0.5144 for m'$) derived from the 9181Hz wind profiler on the MIPS valid 1700

UTC 4 June 2013 until 0500 UTC 5 June 2013-htintervals. Wind speed and direction are indicated by wind barbs, where a half barb =

3i' 7 kt, whole barb= 8 12 kt, and pennant = 4B2 kt. Missing wind barbs either indicate wind speeds <3 kt or no data retrieval.

5.1 m $* (10 kt) atandbelow 1 km AGL beginning
near 0200 UTC (Fig. 4)0 likely associatedwith
boundarylayer decouplingafter sunset.The increased
boundarylayer wind finally diffused and transported
the chaff away from its initial releaselocation by
0430 0500UTC.

Basedon radar(Figs. 3 and5), ceilometr (Fig. 6),
and 915MHz profiler (Fig. 7) data, the chaff likely
was releasedat low-levels into a convectivethermal
and transportedto the top of the CBL in a process
similar to thatdescribedn Rowland(1976).The chaff
wasfirst observedat 0.5° elevationfrom KHTX before
appearingat subsequenthigherelevationsandZ was
mostlylimited to the 0.5° and1.5° elevationanglesfor
the event duration. Z,«x also decreasedwith height
(Fig. 5). Given the averagedistancefrom KHTX (ap-
proximately 65 km), this indicatesthe largest chaff
concentrationwas generallybelow 1.0 km AGL, but

high concentration®f chaff approache®.0 km AGL
(Fig. 5d). Radar(Fig. 5), ceilometer(Fig. 6), and pro-
filer (Fig. 7) datashowthe chaff extendingto the ap-
proximatetop of the CBL, that grew to near2.0 km
AGL by 2000UTC. The ceilometer(Fig. 6) alsoindi-
catedcloud (saturatedlack backscattetensity)dur-
ing the beginningof the chaff event;however,if chaff
was observedy the ceilometer,it is unlikely it could
be distinguishedfrom cloud, dust, or other aerosols.
WeakZ ( OdBZ) wasoccasionallyfound at 2.5° ele-
vation (Fig. 5c¢), indicating some chaff fibers ap
proachedandexceededheightsof 3.0km AGL asthey
exitedthe CBL into the entrainmenizoneandfree at-
mosphere.

BecauseKHTX was in volumecoveragepattern
32 (i.e., a cleadair scanning strategyt the beginning
of the event,the time resolutionwastoo poorto accu
rately estimatean ascentrate. However,radar (Fig. 3
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