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North Colorado LMA

15 stations, 100 km diameter area

Colorado Lightning Mapping Array 2130-2140 UTC April 24, 2012

z? W »

\ £ >
'ql’awnee 9
1 n,’,.:Nahonal
Grassland S 4
> Q? fo :
9 "v‘ x‘é}f LT

w S ¢
S2Y. 8

£ For! Colhns‘f‘ '
% - Roosevelt

by N@ljona\ Forest & 9 |ndsor
& »
Loveland

’»;'Esjes. Park

5+ Rocky Mo
National Park,’

LRy
Sy Arapaho € ¥
, National Forest" &
) AT

-Englewood Al
Lmeton
; \ Cenlenmal

nghlands «
Ranch L

Castle Rock
L &

I\ack Forest o * RS

Friday, December 28, 2012



LMA Station (Briggsdale, CO)

Solar powered; cell data modem comm links
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Real time processing and web displays

Airplane tracks June 2, 2012 1900-2000 UTC

{Previous Hour) [Show Densites) [Zoom In} [Next Hour] [Previous Hour) [Show Points) [Zoom In) [Next Howr]

Colorado Lightning Mapping Array 0300-0400 UTC June 05, 2012 Colorado Lightning Mapping Array 1900-2000 UTC June 02, 2012
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http://lightning.nmt.edu/colma/
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Real-time Status Page: Colorado LMA Stations
(15 each)

Northern Colorado Lightning Mapping Array, Station Health Data

http://lightning.nmt.edu/nco_lma/status/
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Other networks: Real-time web pages

Houston LMA (Texas A&M Univ.) HyMeX 2012 (Toulouse University)

Houston Lightning Mapping Array 0000-0100 UTC June 09, 2012 HyMeX Lightning Mapping Array 0800-0900 UTC September 24, 2012
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Results so far

e Excellent data obtained in collaboration with CSU and
the CHILL radar.

e Data Analysis: Work in progress

e This presentation: Show examples of kind of
observations obtained during DC3

e A wide variety of storm electrical structures observed
(normal and anomalous polarity)

e Anomalous storms common, and best characterized as
having a deficit of CGs [(-) or (+)]

e Detailed study of the observations should be very
useful 1in understanding electrification processes
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Early example of observations (April 11-12, 2012)
Inverted polarity IC discharge over CHILL radar, 6:18 pm MDT
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Detailed Flash Structure
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Separate out positive and negative breakdown channels

Negative leaders Positive leaders
one main branch at a time; spatially noisy well-defined filamentary structure, all in parallel
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Separate out positive and negative breakdown channels

Add channel structure
Negative leaders (Thomas branch/twig/leaf approach) p .. 100 ders

(spatially noisy - side branches)

20120412

(well-defined filamentary structure)
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e Preview of microsecond resolution interferometric
observations of of a bilevel IC flash; Langmuir
Laboratory, 2012 (Akita, Stock, et al., Poster
AE13A-0369, Monday p.m. session).
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Continuously recorded broadband interferometer observations of bi-level IC flash

LMA observations (3D; 10 us sampled) Intf observations (2D Az, El; 1 us continous)
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Electrical Charge Structure of DC3 Storms

Aimed at elucidating the electrification processes
Just getting started on this aspect of the studies.
Focus for now on 1nitial lightning sequences.

Also on comparing lightning mapping observations
with dual-polarization CHILL radar data

Friday, December 28, 2012



Example of normally electrified small storms, DC3, June 2, 2012
Readily produced --CG flashes (both storms began with --CGs)

1950-2000 UTC overview Initial lightning sequence, FMA storm
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Electric charge structure, FMA storm
Normal polarity tripole, with lower positive charge and (-)CGs

9 flashes during initial 20 minutes Lightning-inferred storm charge regions
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Comparative charge structure - Initial lightning sequences
Negative charge a bit lower in southern storm (~5 vs. ~6 km MSL)

FMA storm (9 flashes in 20 min) Ft. Collins/Loveland Airport storm (2 in 10 min)
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Hereford storm, June 2, 2012

1.5 hours later, ~50 km northeast of the FMA and Ft. Collins
storms, along the Wyoming border
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Hereford storm, June 2, 2012

45 minute duration: No CGs for first 34 minutes,
then a steady stream of --CGs during decaying stages

No CGs! --CGs
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Elevated normal electrification, ‘bottom heavy’ (no --CGs)

Initial lightning activity, Hereford storm

Downward ICs at mid-levels (9-6 km);
upward ICs at upper level (9-11 km)

20120602
1"_— L L] L] T 1 ] L _:
125 =
R S A T
3 SF ' | ‘| i ‘ - I {3
a2 - 3
3 °F I -3
A -
B AT T DUT ' AT DT T
21:1&30 210840 21:18:50 211900 214510 211920
— T[T B v
“H - 'éf
1zt 4 2t 1
310- . '0}2
3 st 1 o __:(F_f"‘";__- 1
i N
"— : ‘-
1 1240
2k -4 2F pe p
1 1 1 1 ] A
25 30 35 40 olt-Netogrom
T T T T T T | MRS RAAN | T L
ok - 80 -
4 3 -
a d L '
£ ] )
§ asf { b -
o . b <
§ - - R
|
] o 4 50»- 4
-
st 4 sk -
| - ronn EEFUITETEE eST————— | ] adaaadasadasadasadana o l.‘
25 0 35 40 2 4 é L] 10 12

Ecsl-Wesl Estanee (wm)

ARitude (Jom)

AMituge (km)

Aritude (kom)

Nerth—South distance (km)

Double dipole charge structure about
elevated (-) charge at 9 km altitude

20120602
v ] 1 L] -
| , ' N
= s ' f W3
3 ~ ‘ ' 3
3 . ‘ | .
:: A i A Ak " . _— -1
201850 21800 21:18:10 21:1920
— T " -
L q s}
- J 12k 4
o 4 10
PERY oo T :
- - v 8 €$ ~ - 4 @ .
Vi M 4
+ '
u v z#- - ar R
[ J 4
[ 4 af 4
1 M TN 1 1 2 A A
25 0 13 40 ot-Natogrom
] 1] Ll 1 : | I 1 | | I ] p
- - 80 P
9 b -
a ! 4
a4 L - -
N | . L
i Mg Y 1% g4 s ]
L N % 1  daihs ™ |
F ...-'4‘ 4 . e ‘; -
P " | | e, % a
' A { & 1 s okt BN
- T\ 1l <4 =0 ﬁt_ VYRR .
J"’.:-, N ] | i ° 3 ]
g -
- -~ ‘5 —
. -
 — Al A A PR B - I - A
0 35 4 ] L] 10 12 14
Ecsl-Wesl Estanes (wm) ARitude (o)

Friday, December 28, 2012



Comparison of lightning with CHILL vertical radar scans
Multiple dipolar charge regions correlated with overhanging reflectivity structure

2.5 min
of first

: -
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Next 2 min
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30 seconds of lightning activity, June 2 Hereford storm
(6 minutes into storm; coincident with vertical radar scan)

30 seconds
of activity

Individual
flash
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Bilevel IC flash, June 2 Hereford storm

(6 minutes into storm; coincident with vertical radar scan)

Lower dipole
of normal
electrification

Charge
structure
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June 22 2012 storms (targeted by G-V and DCS8)

First storm, 2100-2200 UTC
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Second storm, 2215-2300 UTC
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June 22 2012 First Storm: Charge Density Results

2100-2105 UTC (Initial activity) 2115-2120 UTC (later)
ICs into upper (+) charge from above and below (normal ICs and +CGs!)

20120622 20120622
—v—r — -

Y T . T v T A S p g T d [ T I ' ! LI

13— - 18- -

- - u 3

~ F 3 SRR - ]

T F N ) | | ! 3 : F ) .

& L | . - o t r , K

) = U T T A " S S VI T ! _ d b § ! l E

- L | | - p S L ! .

g b ! ! i R 2 o 4 i .

T - ‘ - L i / ! . ; ' —~

Ul - T sE { -]

- T S B B P ‘I—‘ -Il Senienfebend e et demnbmnd PO VTS W —— | ]—. ] —ad ]
21200040 2010130 21:02:20 21:.0810 21:04:00 2110450 Losdsao 21:16:30 2147

TTTTTTTTY ™7 ™ T TTTTTTTTY T T

720 21810 21.!9.&0 4 21185

[ T 1¢F 3 A e e e s o O B r v v 1
15 - 1 ,5:. - e
: : 4 L N 14+ -
ak 3 h
? : : 12 ’E‘ S 'ﬁ 4 12+ .
-~ 10 < 10F - 3 * 2% ' S o mama .t ¢ 4
o’ ‘ 2 sk + Al V) i, Sighipdes o 10} 3
g 1 s 3 s st f e " e o
s i 1 g r R o 1 8F
sr - < (__) 1 8r 3
L 4k 3 sk —
- 1 ' 4r 7
T P PRI [PURIPNE SPUPET RSt B i 3 A A L 1 3t 3
| PRPUPUP RO SIEPEPUPN RPEPSPrT RPEPEPE P A A
E s 100 e 110 L) ak-histogrom
20 — T — — ) T o5 0o 108 10 18 120 alt—histegram
“ > : - - -‘o.l.] LA L A S S A | Ty ]j AL | ij.‘ -10 —‘lﬁl Ty oYYy V.-
] L L 4
- “ - . I 1
-5 =2 -1 -5 N L : L 4
’ : o ' ~ e 1%F }
? : " . .'.:. _‘\"; b : 4 |
2 =30 g; * % » o =30 . - N
o mr e .\' '\_\"»"ll_,' 1 b 9 ? - -y
L AT ] < ~20p .o g PRECRE -] o - .
L w T S b S | 4 4 “e & 3 x
~ s PR, oy b o 4 1 . 1 g - L - ‘ 1
Y s - e . AN 4 -x:} - - *% o - e
. gt oy N " B - §5° i
€ | i e %.;%. - : ] g AL ] <
b £ = ne ) 4 | coal¥s 4 . £ - - 2 -1 =35 “< -
'? r Al Wi NN 1 1 3 7t . i 3 1
1 bz ...\-, ° .’. "N e .-‘q.,’ %N 4 3 L R 3
g —40 = - ' "0:-3? o a0} - ) L / . "%
- 4 1 s o'\ o B,
. - g _’Qv- ..: * . -4 -.'l)" '4'. R
. . 4 L 4 L e | S
S -_.. LY < b ';§ . < . _. . ' .;~ <
—Ty 9 - - 4 ) - s . « . o 7 <
[ % 17 3 . [ A’él- S ] ‘
- - - e ™ Mo o S [ - - - —
- 4 < 3 . } ' 5::‘ " E 5. .
-4
P IEPRET TP IPEEPEPE SFEPIPOPE P P APEPIPE I PEP R . 1 1 1
. >
50 a5 1co 05 110 15 5 10 15 L N 1 M | N M L M
Eost—West datance (km) Atitude (k)
1) w00 1S 110 15 120 5 10 15
East—Weak distonce (hm) Aluge (krm) ~

Friday, December 28, 2012



June 22 2012 First Storm: Early and later flash examples

21:00:34 UTC 21:15:29 UTC
Downward IC (normal polarity) Upward IC (normal polarity) & 39 kA +CG!!
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Bruning et al., 2012 (in press)
Visualization of how non-inductive charging can give
continuous variability in electrification, depending on

how cloud liquid water 1s depleted in storm updraft.

Variation of cloud water and
temperature in updraft core

i N

Effective Water Content g m™

femperature "C

Fig. 3 Idealized variation of effective riming rate (a proxy for cloud water content) with
temperature in storm's updraft trajectory as non-precipitating cloud water is depleted by
precipitation growth processes (dotted line).

From: Continuous variability in thunderstorm primary electrification and
an evaluation of inverted-polarity terminology

Eric C. Bruning, Stephanie A. Weiss , Kristin M. Calhoun
http://dx.doi.org/10.1016/j.atmosres.2012.10.
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http://dx.doi.org/10.1016/j.atmosres.2012.10.009
http://dx.doi.org/10.1016/j.atmosres.2012.10.009

Summary

Lightning mapping observations made during DC3 have
provided valuable datasets not only 1n support of the
atmospheric chemistry objectives, but also pertaining to
the question of how storms become electrified. The
observations have been obtained in Colorado,
Oklahoma, Alabama, and West Texas. A lot is to be
gained from detailed analyses of the observations.
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