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ABSTRACT 

 On 4 June 2013, a military  chaff release occurred near Huntsville, Alabama, within  the University of 

Alabama in Huntsville (UAH)  mesoscale network. This event was unusual because the chaff remained in the 

atmosphereðmaintaining a radar  echo on nearby weather radarsðfor  nearly 10 h after the initial  release. 

This paper examines the radar  evolution of the chaff event, supplemented by environmental observations 

using the UAH profiling  equipment. Additionally,  unique operational considerations faced by the National 

Weather Service Weather Forecast Office in Huntsville are addressed. 

 
 

1. Introduction  

 Chaff is composed of small, aluminum-coated, sil-

ica core strands and is known for its highly reflective 

properties in the microwave part of the electromag-

netic spectrum [United States Air  Force (USAF) 

1997]. It is used as an aircraft radar countermeasure 

and commonly appears on weather radars located near 

military bases during training exercises. One such 

chaff release occurred at approximately 1830 UTC 4 

June 2013 near Huntsville, Alabama, during a military 

exercise at the United States Army Redstone Arsenal 

(RSA). Similar to other chaff releases, this event 

showed prominently on nearby weather radars, such as 

the National Weather Service (NWS) Weather Surveil-

lance Radar-1988 Doppler (WSR-88D) located in Hy-

top, Alabama (KHTX, Fig. 1), equipped with dual-

polarization capability. However, unlike numerous 

well-documented examples seen across the WSR-88D 

network prior to this event, this chaff release was 

unusual in that the chaff lingered in the atmosphere for 

nearly 10 h, maintaining a radar echo until just after 

0430 UTC 5 June 2013. Under typical conditions, 

chaff will  remain in the atmosphere for 2ï5 h (USAF 

2010). 

 
Figure 1. 0.5° base reflectivity from KHTX valid 1957 UTC 4 

June 2013, about 90 min after the initial chaff release. Maximum 

reflectivity was 62.5 dBZ. Relative locations of the KHTX radar 

and profiling instruments at the MIPS site located at UAH are indi-

cated with white markers. The red cross-hair 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 figures. Click image 

for an external version; this applies to all figures hereafter. 

 

http://dx.doi.org/10.15191/nwajom.2016.0403
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 Chaff fibers from RR-188, one of the many forms 

of chaff, are extremely small [length = 0.76ï2.54 cm 

(0.3ï1 in); diameter = 25.4 mm) and light so that they 

remain in the air long enough to confuse human inter-

pretation or computer algorithms of aircraft-tracking 

radar before drifting to the ground. A single RR-188 

cartridge contains approximately 5.46 million fibers, 

that when released, initially  occupies a spherical vol-

ume before dispersing (USAF 1997). Examples of 

chaff fibers from this event are shown in Fig. 2. 

 

 
Figure 2. Clumps of chaff fibers collected by R. Wade and T. 

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

 

 Radar chaff used to study clear-air convection has 

a fall speed between 0.33 and 1.67 m s
ï1

 (e.g., Row-

land 1976). Chaff may be lofted if  released into a 

convective thermal with vertical motions exceeding 

this fall speed. Clear-air convection caused the chaff 

studied by Rowland to rise rapidly to the top of the 

convective boundary layer (CBL). The volume occu-

pied by the chaff spread out spherically and increased 

in size by 25ï50%. The chaff ñbubblesò drifted with 

the background wind for up to 30 min before dissipat-

ing. Radar returns from chaff may interfere with radar 

precipitation estimation (e.g., Vasiloff and Struthwolf 

1997) or even become embedded in precipitation and 

enhance radar returns (e.g., Brandt and Atkin 1998). 

Han et al. (2011) showed reflectivity factor at horizon-

tal polarization (Z) of initial point echoes from a chaff 

release might approach 30ï50 dBZ before diffusing to 

<30 dBZ within a matter of minutes. 

 Zrniĺ and Ryzhkov (2004) examined polarimetric 

properties of a chaff event in Oklahoma, noting Z <30 

dBZ, differential reflectivity (ZDR) of 0ï6 dB, and cor-

relation coefficient (ɟhv) of 0.2ï0.5. However, these 

were measured after the chaff had drifted into southern 

Oklahoma, diffusing from its release location in east-

ern New Mexico. For comparison with precipitation, 

ZDR can occupy a wide range of values because it is 

shape dependent. However, ɟhv is best for discriminat-

ing between chaff and precipitation because it is >0.98 

in rain, >0.6ï0.8 in melting snow, and typically >0.8 

in hail (Zrniĺ and Ryzhkov 2004; Kumjian 2013a). 

 The chaff release on 4 June 2013 occurred within 

the northern Alabama mesoscale network (described in 

section 2), allowing for a high-resolution temporal ex-

amination of the boundary layer for the eventôs dura-

tion. This paperôs primary purpose is to detail the radar 

evolution of the chaff and explore why it remained in 

the atmosphere well after its initial release. Given in-

creased public awareness and use of common meteor-

ological tools, such as weather radar, the chaff release 

garnered much media and public attention in northern 

Alabama (e.g., Gattis 2013; Gore 2013a,b; Roop 2013; 

WHNT 2013). This was exacerbated by RSAôs initial 

reluctance to confirm the chaff release as the source of 

the radar echo and the fact that radar-observed chaff 

echoes are uncommon near RSA (Gattis 2013). The 

unusual nature of the event presented unique opera-

tional challenges for the NWS Weather Forecast Of-

fice (WFO) in Huntsville, and this paper will  outline 

those issues. 

 

2. Data and methods 

 The data for this study are derived from a subset of 

instruments within the northern Alabama mesoscale 

network
1
ðthe University of Alabama in Huntsville 

(UAH) Mobile Integrated Profiling System (MIPS; 

Karan and Knupp 2009) and KHTX radar. Figure 1 

shows the relative locations of these instruments in 

northern Alabama. KHTX radar data were evaluated in 

the Gibson Ridge software program, GRLevel2 Ana-

lyst (GR2A), and precipitation data were evaluated 

using the National Oceanic and Atmospheric Adminis-

tration (NOAA) Weather and Climate Toolkit. The 

chaffôs radar evolution was largely assessed using Z; 

however, the polarimetric variables ZDR and ɟhv were 

compared to previous radar chaff studies. Precipitation 

data were assessed using 1-h total and storm-total 

precipitation from both legacy (i.e., based on Z) and 

polarimetric (based on combinations of Z and ZDR) al-

                                                 
1
 The Advanced Radar for Meteorological and Operational Re-

search (ARMOR) polarimetric C-band Doppler radar and the 

Mobile Alabama X-band (MAX)  polarimetric Doppler radar were 

not operational during this event. 

http://www.nwas.org/jom/articles/2016/2016-JOM3-figs/Fig_2.jpg


 

Murphy et al. NWA Journal of Operational Meteorology 2 February 2016 

ISSN 2325-6184, Vol. 4, No. 3 36 

Table 1. MIPS instrument specifications. 

Instrument  Quantities Measured or Calculated 
Measurement 

Height 

Vertical 

Resolution 

Temporal 

Resolution 

Dwell 

Time 

915-MHz 

profiler 

Signal-to-noise ratio, vertical velocity, spectral width, 

horizontal wind, Doppler velocity spectra 
0.12ï4 km 105 m 60 s 30 s 

Ceilometer Two-way backscatter, cloud base 0.03ï15 km 10 m 15 s 15 s 

 

gorithms (Berkowitz et al. 2013). The MIPS instru-

ments used for this study include a 915-MHz Doppler 

wind profiler and a lidar ceilometer. The MIPS operat-

ed from its ñhome baseò location on the UAH campus. 

Summaries of the MIPS instrument specifications used 

in this study are given in Table 1. 

 The MIPS allowed for a temporal evaluation of at-

mospheric conditions for the duration of the chaff e-

vent. The 915-MHz Doppler wind profiler is primarily 

a boundary layer radar sensitive to Bragg scatter such 

that the height of the returned signal is dependent on 

water vapor concentration, atmospheric stability, and 

turbulent mixing processes. Its data were averaged 

over 30 min to produce consensus wind profiles using 

the National Center for Atmospheric Research Im-

proved Moments Algorithm (NIMA)  software (Corn-

man et al. 1998; Morse et al. 2002). The evolution of 

the background boundary layer wind was evaluated 

with the NIMA  wind profiles. Raw 915-MHz 1-min 

spectral data of signal-to-noise ratio (SNR), radial 

velocity (VR), and spectral width (SW) were used to 

characterize the boundary layer evolution, timing of 

the chaff drift over the MIPS site, backscatter return 

from the chaff, and thermal updraft lofting of chaff. 

The 915-MHz VR data represent vertical particle mo-

tion (W), where W = air motion (w) + particle terminal 

fall velocity (VT), when assuming that Rayleigh scat-

tering of chaff fibers dominates over the Bragg scatter-

ing of vertical variations in temperature, water vapor, 

and turbulence. The lidar ceilometer measures vertical 

profiles of aerosol backscatter at 15-s temporal resolu-

tion and 10-m gate spacing. The ceilometer data were 

used to estimate the CBL height during the chaff re-

lease (e.g., Eresmaa et al. 2012). 

 

3. Analysis and discussion 

a. Radar and environment analysis 

 At approximately 1836 UTC 4 June 2013, a Z 

point source of <15 dBZ appeared on KHTX at 0.5° 
elevation (near 0.8 km AGL) 65 km west-southwest of 

the radar and 8.4 km west-southwest of the MIPS, near 
the northwestern most corner of RSA (Fig. 3a). The Z 

echo quickly expanded in a circular shape while in-
creasing in magnitude, similar to other clear-air chaff 

releases (e.g., Rowland 1976). At 1934 UTC, about an 
hour after the initial release, the chaffôs Z echo ex-

panded to a diameter near 11 km and a spatial maxi-

mum Z (Zmax) >55 dBZ (Fig. 3b), reminiscent of a 
strong airmass thunderstorm. At 2015 UTC, a second 

Z point source appeared on KHTX at 0.5° elevation 
(near 0.9 km AGL), approximately 5 km due south of 

the original Z point release, and still within the RSA 
border. The second Z region also quickly expanded, 

merging with the larger original Z region to the north, 
while preferentially expanding eastward across RSA 

(Figs. 3c and 3d). When viewed as a radar animation 
(Fig. 3 animation), this second chaff release has the 

appearance of gust-front convective redevelopment a-
long the southern flank of a thunderstorm. The now-

combined high-reflectivity core with values of Zmax 
Ó55 dBZ continued to appear on KHTX at 0.5° until 

2133 UTC (Fig. 3d), while Zmax Ó50 dBZ lasted until 
2358 UTC, after which Z values slowly decreased as 

the chaff gradually diffused in the atmosphere (Figs. 

3e and 3f). The maximum spatial Zmax for the eventôs 
duration was 64.5 dBZ at 2003 UTC, nearly 90 min-

utes after the initial release. This is unique because Z 
typically peaks soon after release before gradually 

decreasing. The extended period of Zmax >50 dBZ is 
also unusual for a clear-air chaff release (e.g., Row-

land 1976; Han et al. 2011) and likely indicative of 
weak boundary layer winds causing a slow diffusion 

rate of the chaff fibers. This is confirmed by a time-
height section of winds derived from the 915-MHz 

profiler (Fig. 4) that generally shows weak (Ò3.6 m s
ï1

 
or <7 kt) and variable winds below 1.5 km AGL from 

the time of the chaff release until 0200ï0300 UTC 5 
June 2013. 

 By 0000 UTC 5 June 2013, the chaffôs radar 

appearance was ragged and ill -defined, losing its cir-

cular shape (Fig. 3e). However, Zmax Ó30 dBZ contin-

ued for several more hours, indicating a persistent high 

concentration of chaff fibers. This would last until 

0230ï0330 UTC, when Zmax decreased to <30 dBZ and 

the chaffôs Z echo drifted west and finally west-

northwest into Tennessee and out of the northern 

Alabama mesoscale network (Fig. 3f). The decreased 

Z and westward motion of the radar echo was coin-

cident with an increase in east to east-southeast winds 
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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 

4ï5 June 2013. Click image for an animation from 1807 UTC 4 June 2013 to 0530 UTC 5 June 2013. 

http://www.nwas.org/jom/articles/2016/2016-JOM3-figs/Fig_3_animation.gif
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Figure 4. Time-height section of winds (kt; multiply by 0.5144 for m sï1) derived from the 915-MHz wind profiler on the MIPS valid 1700 

UTC 4 June 2013 until 0500 UTC 5 June 2013 at 1-h intervals. Wind speed and direction are indicated by wind barbs, where a half barb = 

3ï7 kt, whole barb = 8ï12 kt, and pennant = 48ï52 kt. Missing wind barbs either indicate wind speeds <3 kt or no data retrieval. 

 

Ó5.1 m s
ï1

 (10 kt) at and below 1 km AGL beginning 

near 0200 UTC (Fig. 4)ðlikely associated with 

boundary layer decoupling after sunset. The increased 

boundary layer wind finally diffused and transported 

the chaff away from its initial release location by 

0430ï0500 UTC. 

 Based on radar (Figs. 3 and 5), ceilometer (Fig. 6), 

and 915-MHz profiler (Fig. 7) data, the chaff likely 

was released at low-levels into a convective thermal 

and transported to the top of the CBL in a process 

similar to that described in Rowland (1976). The chaff 

was first observed at 0.5° elevation from KHTX before 

appearing at subsequently higher elevations and Z was 

mostly limited to the 0.5° and 1.5° elevation angles for 

the event duration. Zmax also decreased with height 

(Fig. 5). Given the average distance from KHTX (ap-

proximately 65 km), this indicates the largest chaff 

concentration was generally below 1.0 km AGL, but 

high concentrations of chaff approached 2.0 km AGL 

(Fig. 5d). Radar (Fig. 5), ceilometer (Fig. 6), and pro-

filer (Fig. 7) data show the chaff extending to the ap-

proximate top of the CBL, that grew to near 2.0 km 

AGL by 2000 UTC. The ceilometer (Fig. 6) also indi-

cated cloud (saturated black backscatter intensity) dur-

ing the beginning of the chaff event; however, if  chaff 

was observed by the ceilometer, it is unlikely it could 

be distinguished from cloud, dust, or other aerosols. 

Weak Z (Ò5 dBZ) was occasionally found at 2.5° ele-

vation (Fig. 5c), indicating some chaff fibers ap-

proached and exceeded heights of 3.0 km AGL as they 

exited the CBL into the entrainment zone and free at-

mosphere. 

 Because KHTX was in volume-coverage-pattern 

32 (i.e., a clear-air scanning strategy) at the beginning 

of the event, the time resolution was too poor to accu-

rately estimate an ascent rate. However, radar (Fig. 3 

http://www.nwas.org/jom/articles/2016/2016-JOM3-figs/Fig_4.png

