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INTRODUCTION
Is chain aggregation occurring in the cirrus anvil region of Florida

thunderstorms?

Chain aggregates were observed during research flights over Florida in 2019 (CapeEx19). The
airborne Particle Habit Imaging and Polar Scattering (PHIPS) probe was implemented on the
Weather Modification International (WMI) Citation II Research Aircraft to obtained higher
resolution stereographic images.

 

Surface radar and aircraft instrumentation are utilized to determine the location and characteristics
of the chain aggregates.

 

In cloud chamber experiments , chain aggregates were generated near the -10 °C level and also
when electric fields were above 70 kV/m.

 

Determining the process which generate these large chain aggregates in cirrus cloud anvils
should enable models to predict their occurrence.

 

Implementing chain aggregates in models should provide increased knowledge for the
radiative impacts of cirrus anvils  as well as for militaristic applications such as projectile re-
entry impacts.
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CAPEEX19 AIRCRAFT MEASURMENTS

(Click image to enlarge)

Figure 1.) The WMI Citation II Research Aircraft  contains a wide variety of instrumentation, though, the instruments
depicted in the figure above were utilized the most pertaining to this study.

 

The airborne Particle Habit Imaging and Polar Scattering (PHIPS) probe was implemented to
obtained higher resolution stereographic images and simultaneous measurement of the polar
angular-light-scattering function of individual ice particles.

 

The CAPS is a “multi-probe” that measures cloud and aerosol concentrations and records cloud
particle images by utilizing a suite of three instruments. The three instruments included in the
CAPS are the Cloud Imaging Probe (CIP), the Cloud and Aerosol Spectrometer (CAS), and the
Hotwire Liquid Water Content Sensor.

 

6 Rotating-vane Electric Field Mills were utilized for measuring electric field.
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METHODOLOGY & DATA
1.) Collect and analyze in-situ environmental and microphysical observations within the Florida cirrus
anvils using aircraft.

Flight 1 occurred on 30 July 2019 from 17:40:00 to 20:45:00 UTC.

Flight 2: occurred on 3 August 2019 from 14:24:00 to 17:30:00 UTC.

2.) Define individual flight legs (FL's) for both flights where the Citation II was traveling
relatively straight, at a constant altitude, and sampling cirrus anvil clouds.

(Click image to enlarge)

Figure 2: TITAN-Rview Radar using data from the NWS KMLB WSR-88D on 2019/07/30. Aircraft track and direction of flight is depicted

as the white line and arrow. The aircraft was sampling at around 11 km AGL for the FL's
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(Click image to enlarge)

Figure 3: Same as in Figure 2 but for the flight on 2019/08/03. This figure also includes storm core (in bold blue) outlines. The aircraft was

sampling at around 10 km AGL for the FL's

 

3.) PHIPS classification software was used to manually classify the PHIPS images taken during Flight 2
(2019/08/03).

Due to the inhomogeneity of the observed chain aggregates from the CapeEx19 flights, the
confidence selector within the PHIPS classification software was utilized in the new definition.
Thus, the new definition is not Boolean in nature but can range in confidence (Figure 4).
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(Click image to enlarge)

Figure 4: Image showing chain aggregates with varying confidence. Definitions are depicted on the right hand side of the figure.

 

Table 1: PHIPS data chart depicting the amount of chain aggregates during Flight legs 1-4 during Flight 2 (2019/08/03) with respect to

distance from storm core reflectivity centroid.

If chain aggregates are formed in the cores of the storms, it's expected that we should see more chains closer to
the core than away. The PHIPS data does not show that this is the case.

Table 2: PHIPS data table from Flight 2 (2019/08/03) showing the amount of particles and chain aggregates sampled that were greater-than

495 micro-meters. The confidence values coincide with the observed/classified chain aggregates.
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4.) A high percentage (81%) of the PHIPS images that contained particles > 495 micro-meters were chain
aggregates. Thus, we can look at the CIP data (which has a higher sampling volume than the PHIPS) and
pull the concentration of particles > 495 micro-meters.

 

5.) Utilize electric field mill measurements to decipher if the electric field is strong enough to
encourage chain aggregation in the cirrus anvil(s).
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MICROPHYSICAL RESULTS
It is assumed (based on Table 2) that all particles greater than 495 micro-meters are chain aggregates. 

Flight 1 Particle Concentrations

Figure 5.) 5-panel timeseries plot for Flight 1 (2019/07/30). The center plot depicts the 4 flight legs, NLDN lightning (CG) data, and the SR-

Anvil wind direction. The timing of the flight legs and NLDN data are represented in the color bar. The corner plots represent the CIP

particles > 495 micro-meters for the corresponding flight legs. The black line (overlaid) is a 20-point rolling average of the particle data. The

arrows underneath the plot depict the direction of flight.

Flight 2 Particle Concentrations

Figure 6.) Same as figure 5 but for Flight 2 (2019/08/03)
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If chain aggregates were formed near/around the storm core, we should see higher particle
concentrations as the aircraft approached the storm core. Figs 5 & 6 shows that this was not
always the case which agrees with Table 1.

 

Periodicity of particle concentrations > 495 micro-meters is also observed.
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ELECTRIC FIELD RESULTS
Flight 1 (FL 3, 5, 7, 9) Electric Field

Figure 8.) Electric field data from flight legs 3, 5, 7, and 9 from Flight 1 (2019/07/30). Ez, is the vertical component of electric field (blue

line) and Eq/Emag (dotted green line) is the measure of the field due to charge on the aircraft. Both are referenced to the linear scale on the

left. Emag, is the scalar magnitude of the vector field (red line) and is referenced to the log scale on the right side of the panel.

Flight 2 (FL 1-4) Electric Field

Figure 9.) Same as Figure 8 but for flight legs 1-4 for Flight 2.



12/14/21, 10:57 AM AGU - iPosterSessions.com (agu-vm-2)

https://agu2021fallmeeting-agu.ipostersessions.com/Default.aspx?s=EB-00-09-D7-B9-A1-1B-64-C6-9F-C8-60-EE-EE-DE-8F&pdfprint=true&guestview=true 11/15

 

The electric field magnitudes for both flights never surpass the 70 kV/m threshold (as depicted in
Saunders and Wahab, 1975). However, in some FL's the electric field magnitudes are relatively
high for cirrus anvil regions.

Kennedy Space Center Lightning Mapping Array Data
[VIDEO] https://res.cloudinary.com/amuze-interactive/image/upload/f_auto,q_auto/v1639413335/agu-fm2021/eb-

00-09-d7-b9-a1-1b-64-c6-9f-c8-60-ee-ee-de-8f/image/lma_1601_event_animation_latlon_eduvoz.mp4

Figure 10.) Kennedy Space Center Lightning Mapping Array (KSCLMA) data showing a lightning event (animation) during Flight 2 shortly

after FL1. 

A possibility for chain aggregation could be the lightning discharges themselves. The LMA data
shows that levels above 10 km AGL are electrically active (upper + charge region).

 

Flight 2 (FL1) Electric Field Vectors (Emag)

Figure 11.) Electric field vectors (Emag) for FL1 during Flight 2. Top panel shows the X-Y (lat-lon) vector orientation. Bottom left panel

shows the X-Z (lon-alt) vector orientation. Bottom right panel shows the Y-Z (lat-alt) vector orientation.

The electric field vector plots for FL1 show that the charge in the upper portion of the storm is
postively charged.  

Also, these plots show that the convective cores are often associated with higher electric fields.
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FUTURE WORK & ACKNOWLEDGMENTS
Compare results from this case study to other flights during the CapeEx19 field campaign.

 

Look for correlations between the electric field data and the periodicity found in the CIP particles >
495 micro-meter concentrations.

 

Look for correlations between the amount of electrical discharges and the concentration of particles >
495 micro-meters found in the cirrus anvil region.

 

In addition to the work performed by Saunders and Wahab (1975), more cloud chamber experiments
must be performed in order to test the aggregation efficiency using lower electric fields and at colder
temperatures (between -40 and -30 °C.)

 

This Research is supported by a Naval Surface Warfare Center Dahlgren Division grant to conduct
and analyze data from the CapeEx19 field project.

 

The authors would like to thank Martin Schnaiter and Emma Järvinen for the PHIPS data and
PHIPS classification software.

 

Also, we would like to thank Michael Poellot, Jerome Schmidt, and Paul Harasti for their guidence
and knowledgeable input on this study.
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ABSTRACT
During the CapeEX19 field campaign in the summer of 2019 near Melbourne, Florida, the North Dakota Citation Research
Aircraft observed chain-like aggregates of ice crystals in convection-induced cirrus anvils. Exactly where and how the chain
aggregation process is occurring in the thunderstorm is still not well understood, which inhibits their representation in
atmospheric cloud models. Cloud chamber experiments indicate that the cloud electric fields play an important role in the
development in chain aggregates, as well as other microphysical parameters. CapeEx19 aircraft instruments included six
Rotating-Vane Electric Field-Mills for in-situ electric field strengths, and the Particle Habit Imaging and Polar Scattering
(PHIPS) probe for high resolution particle images and microphysical information of the particles. In addition to the electric
field and PHIPS data, lightning data provided by the National Lightning Detection Network (NLDN) and the Kennedy Space
Center Lightning Mapping Array (KSCLMA) enable documentation of thunderstorm electrical activity and charge structure.
During the CapeEx19 field campaign, over 170,000 particle images from the PHIPS probe were taken where a large
percentage of the particle images appear to be chain aggregates. In addition, some of the chain aggregates from the flights
were comprised of pristine ice crystals from different temperature regimes with a lack of rimed ice. The observed chain
aggregates from multiple flights were observed between 10 – 100 km from the storm cores within the cirrus anvil.
Interestingly, the aircraft sampled electric field strengths greater than 10 kV/m in the cirrus anvils near the vicinity of
convective storm cores during multiple flights. This implies that chain aggregation might be possible higher aloft in much
colder temperatures within the thunderstorm. This sizable data set gathered during the CapeEx19 field campaign enables an
investigation to answer the question do the microphysical properties/characteristics and amount of chain aggregates change
with respect to the different storm environments with varying electrical activity. Moreover, the inquiry that chain aggregation
is possible in the cirrus anvils near the vicinity of the convective storm cores is investigated.
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