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Objective #1: Improving Radar (SH #1: 20| 74M)

Concurrent Radar and Aircraft Observations
(SAl ol ¥ 337 #F)
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Objective #2: Improving Modeling (SH #2: DE2! J4M)
Understanding chain aggregate formation process.
(Ml EHetH g4 28 S ofsieL(Ct )
* Determine the location of chain aggregates. ( H[Q! &IghA| 2]
XIE BFLLICE))
* Relate to cloud microphysical and electrical properties. ( &2
OMZE[E |, ©I|1™ EGu SAELCH)
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Research Flight Video (2019 8 & 3 HI#HAZ)
http://aerosol.atmos.und.edu/CapeEx19_HarrisonRademacher.mp4
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Airborne Data Processing (

Data Quality Control ( Cl|O|E] SZ& &t2|)
Performance Checks (8 H4)

Data Missing Values Codes
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Engineering to Physical Units
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delene@ice:/mas/und/NorthDakota/2014/Aircraft/Citationll”N555DS}

[delene@ice 20140306_174537]% process_all_ophir

Processing the 14 03 _06_17 45 37.sea file ......... ... .. oo . Done
Creating 14_03_06_17 45 37 applanlx IHz ... Done
Creating 14_03_06_17_45_37 analog.lHz ....... ... ... . .. ..., Done
Processing the 14 03_06_17_45_37.analog.??? file ................ Done
Processing the 14 _03_06_17 45 37.2dc file ........ .. ¢ iiiiiinnnn Done
Processing the 14 03_06_17 45 37.serial.GPS.raw ................. Done
Creating 14 03_06_17_45 37.physical.clean ............ccivuiinn.nn Done
Creating 14_03_06_17_45 37.physical.filtered .................... Done
Creating the 14_03_06_17_45_37.physical.1l0Hz file ............... Done
Creating the 14_03_06_17_45 37.physical.lHz file ................ Done
Processing the 14 03_06_17_45 37.physical.? file ................ Done
Creating 14_03_06_17_45 37 basicPITI.IHZ ..o .. Done
Creating 14 03 06 17 45 37 basicPlT2.1Hz ......... .. .. ... Done
Creating 14_03_06_17_45_37 basicP2T1l.1Hz . ... ... ... ... . ... ... ... Done
Creating 14_03_06_17_45 37.basicP2T2.1Hz ........... .. iiinnnn. Done
Creating 14 03_06_17_45 37.basic.10Hz .......... ... ... .. ... ... Done
Creating 14_03_06_17_45 37.basic.lHzZ ........... i Done
Processing the 14 _03_06_17_ 45 37.counts.pcasp.raw ............... Done
Creating 14_03_06_17_45 37.basic.8Hz ........... . i Done
Processing the 14 _03_06_17_ 45 37.counts.cdp.raw ................. Done
Creating 14_03_06_17_45 37.KiNg.raw ........couiuenrrnnnrennnnens Done
Processing the 14 _03_06_17 45 37.applanix.raw .........c.uuuuuu.nn Done
Creating 14_03_06_17 45 37 angles applanix.1Hz .................. Done
Creating 14 03 06 17 45 37 King.1Hz ....... . oo Done
Creating 14 03 06 17 45 37 conc.cdp.1Hz ... ... ... ... .. Done
Creating 14 03 06 17 45 37 1= T T N o= Done
Creating 14_03_06_17_45 37.wind.raw ........... . .. Done
Creating 14 03 06 17 45 37 nevwc.raw file ....................... Done
Creating 14_03_06_17_45 37.nevwc.lHz ... . ... ... ... . . ... Done
Creating 14 03 06 17 45 37 serial.GPS.10seCc ........cviiinirnnnnn Done
Creating 14 03 06 17 45 37 REAL.winds.1Hz ....................... Done
Creating 14_03_06_17_45_37 550nm.scat.raw ....... ... . o i Done
Creating 14 _03_06_17_45 37.conc_stp.pcasp.raw ...........c..uu... Done
Creating 14_03_06_17_45 37.o0ph file ........ ... i Done
Creating 14 03 _06_17_45 37.air file ... ... .. ... i Done
Using 14 03 06 17 45 37 2dc to create 2DC images ................ Done

[delene@ice 20140306 _174537]%




Additional Software Information (7} 2 ZEQ0{ HE)
Gateway - http://aerosol.atmos.und.edu/ADPAA/index.html

Web Site - https://sourceforge.net/projects/adpaa/
Wiki - http://adpaa.sourceforge.net/wiki/index.php/Main_Page
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S., Gapp, N., O'Brien, J., & Klinman, J. Airborne Data Processing and
Analysis Software Package (Version 4632). Zenodo, January 16, 2024.
https://doi.org/10.5281/zenodo.10519255.

Delene, D. J., Airborne Data Processing and Analysis Software Package, Earth
Science Informatics, 4(1), 29-44, 2011, URL:
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0061-4
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Chain Plate Aggregates ( A|2! E2|0|E ZietN|)
(20190803_142455 ID 016076)




Chain Plate Aggregates ( A|2! E2|0|E ZietN|)
(20190803 _142455 ID 016136)




Chain Plate Aggregates ( H|2! Ez|0|E ZTTHA| )
(20190803 142455 ID 016146)




Chain Plate Aggregates ( A|2! E2|0|E ZietN|)
(20190803 142455 ID 016146)




Chain Plate Aggregates ( A|2! E2|0|E ZietN|)
(20190803_142455 ID 017033)
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3 August 2019 Radar, Satellite, and Lightning Observations
(2019 8 & 3 #Hoj], 18 A HI| =)

Reflectivity (dBZ) Reflectance (%)
HkALS (dBZ) (HEAFE (%))
2(2) 155:331:(116%30 » % ?12) 122:02:4051 I?’?Cﬂ o (?3 166:32:373U§F0C 20 40 60 80 100

(d) 15:34:48 UTC (e) 16:04:48 UTC (f) 16:34:48 UTC

Panels a through ¢ show the composite radar reflectivity with 35 dBZ convective storm cores (blue outlines) from the
Melbourne, Florida (KMLB) National Weather Service (NWS) Next-Generation Radar (NEXRAD). Range rings (thin green
lines) are 20 km apart. In panel (a), the TITAN cell is the left most cell, 40-60 km northwest of the KMLB radar. Panels (d)
through (f) show the visible (0.64 — m wavelength) satellite imagery from the Geostationary Operational Environmental
Satellite (GOES-16). The satellite imagery (panels d-f) is at the closest time and shows an area similar to the radar
observations (panels a-c). Overlaid on satellite imagery is the National Lightning Detection Network (NLDN) cloud-to-ground
(CG) lightning strokes (blue upside-down triangles), NLDN cloud-to-cloud/intra-cloud (CC/IC) lightning strokes (pink ‘x’), and
the KMLB (green circle) and the Cloud and Precipitation Radar with Discrete Hydrometeor Detection (CPR-HD) radar
locations (red circle). The lightning data displayed is for 15 minutes before and after the satellite image start time.




3 August 2019 Flight Legs
(20194 g & 3 H|H Cla|)

Images showing flight legs (white
line with arrow) for the 3 August
2019 storm overlaid on the closest
(timestamp In white text)
Melbourne, Florida (KMLB)
National Weather Service (NWS)
Next-Generation Radar (NEXRAD)
composite radar reflectivity (dBZ).
The flight leg arrow is at the flight
leg end and shows the flight
direction. The red circle gives the
aircraft position at the radar
timestamp, and images without a
red circle have the radar scan
finished after the flight leg ends.
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PHIPS Images and Size Distribution
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Flight Leg 3

Type Il chain aggregates with respect to distance from the storm core
reflectivity centroid. Shown are the best chain aggregate view, with
camera one denoted by the red boxes and camera two denoted by the
blue boxes. Box-and-whisker plots showing the diameter (“fast-circle”
method) distribution of the of Particle Habit Imaging and Polar
Scattering (PHIPS) classified, type Il chain aggregates. The diameter is
only determined for chain aggregates that are completely (“all-in”
method) within the image frame. The overall average diameters for the
251, 50", 75" percentiles are 354, 450, and 578 1« m, respectively.

Far from Storm Core =P Close to Storm Core



CIP Concentrations
(CIP k)

Plots showing the 1 Hz (points)
and 20-point moving averages
(solid lines) of Cloud Imaging

Probe (CIP) derived chain
aggregate concentration
(black), non-chain aggregate

concentration (green), and total
(red) particle number
concentrations for each flight
leg versus distance from the
cell's reflectivity core centroid.
The black arrow depicts the
aircraft heading direction.
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E-Field Magnitude [kV m™!]

E-Field Magnitude [kV m™1]
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GOES-16 Visible Satellite
2019-08-03 15:56 — 15:59 UTC

Flight Leg 1

00 05 10 15 20 25 3.0 35 40 45§

Rﬂﬂﬂ;\v('

CPR-HD - Flight Leg 1

E

Aireraft |
(. untammatlun

Altitude (km)

a

'E —— Non — Chaifggne
H === ChalNconc
~10-,

e

.2

—

g 10

o

0

2102

)

51 57 63
Distance From Core [km]

20

a2 o
Reflectivity (dBZ)

=

I
Lh

-10

-15



20
15

— v (e 1

Z
4 | |
= 5
) Q
© pul
p—
= __ g
a !
Q
H_ m 2
=4 ¢ 3
== ! RZ
OF ¢ i A
- __ "
S 5 |1
I £ "
s |\!
=0 d
1
_ . ] =
1 W
e 5 5 &
p— p— p—
(¢-W #) UOTBIUIOUO))
4
—
N
m —
Q
=
RN
t * o
nvua O
—
2
2 — ®)
ZRN S
> \O B
o S
o <
AT
E o0
o3 o
© =
(amo )
(@\|

<2}
o
=
|
=




Temperature (°C)

Altitude (km)

—=
i

[E—
>

N

Cirrus Alnvil Region

<60 kV m’!
Aircraft Flight Track

Distance from Core (km)

-30 g o gl Ratio > 1 ;
> 60 kV m! T TN
1-15 - “Negative ~
1-10
South . ; North
0 20 40 0 80



Conclusions (&)

* The relative concentration of chain aggregates increase away for the
convective core as the cloud becomes more diffuse.
(#S0| O =ik a2t ChiF T 00l Cier Ars EehH|el dtid sk 7t
S7t&LICt)
* The electric field magnitudes do not surpass ~60 kV m* magnitude
threshold for enhance chain aggregation.
(H2[F 27|= Hel Heh dohE fI8 ~60kv mt 27| YAIZS EI5HX]
FsLICE.
* However, we conclude that chain aggregation is occurring in the
cirrus cloud anvil region.
(28t RE|l= H2 2F XFo|M Ars SE0| ZOoJLtd ULt
2= WWELICH)
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Nairy, Christian M., David J. Delene, Jerome M. Schmidt, Paul R. Harasti, Emma Jarvinen, Case
Study of Chain Aggregates in Florida Cirrus Cloud Anvils from Electrified Thunderstorms.
Journal of Geophysical Research: Atmospheres. In Preparation 2024.
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Visible (Red — CO2) GOES-16 Satellite Image, 3 August 2019

(a) 12:31:48 UTC (b) 13:01:48 UTC (c) 13:31:48 UTC (d) 14:01:48 UTC (e) 14:31:48 UTC

(1) 16:31:48 UTC
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CPR-HD Merged NB1/NB2 -- FL4
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2019/08/03 Tracking Along-Track Narrow Band Reflectivity

22
MCR 40 MHz NB AIoJlg-Track Reflectivity Structure (Shaded)
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