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Fundamental UAHuntsville

question for
validation:

What is the best
way from the ground

to characterize what
GLM “sees?”
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What attribute of
lightning iIs most
useful?
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THE ELECTRICAL NATURE
of STORMS

DONALD R. MACGORMAN
W. DAVID RUST

“The equivalent charge center analysis
(from analyzing electric field changes)
Is the only technique that estimates
directly the net charge involved In
lightning processes’




Why do we need this?

e Underlying assumption: the energetics of a lightning
process is tied to the "net charge involved”

® 50, although lightning can be measured in various
ways, in order to measure the energetics, we need to
measure the electric field change due to a stroke/flash

® (Others have measured electric

fields e o Aa sp Gp e

- e.g., arrays of instruments that focus only on \\___

the electrostatic component of radiated
electric field (e.g. KSC, NMT)

- single station fast antennas \

Krehbiel, 1979
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® 50, although lightning can be measured in various
ways, in order to measure the energetics, we need to
measure the electric field change due to a stroke/flash

® (Others have measured electric

fields e o Aa sp Gp e

- e.g., arrays of instruments that focus only on \\___

the electrostatic component of radiated
electric field (e.g. KSC, NMT)

- single station fast antennas \

What if we design an array that can \
measure all components of the Vo
radiated electric field? ' il 98
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Efield signatures are quite distinct...

! |
-————Q—‘Lﬂ ’ va’ﬁl WS b A i g N bt st i

5 : [Ty - mlﬁhlﬂmpmﬂm

Friday, December 3, 2010



ield signhatures are quite distinct...

Y213 N\ Multiplot Pop Out

o il st bl bt o g

Curzor

Right

Cursor

Delta |
Tine

Hax

Tine |18054,350281

Advance 1 msec

18054 554000

Correlate| Awplitudes

)
¥
N e

Print| Export fmps

A »

)::..

TR

Time Offzets

> O

[ &

-

0 W

"~ o
fr

18054354000

Offset

preliminary
breakdown

Friday, December 3, 2010



Efield signatures are quite distinct...
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Efield signatures are quite distinct...
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Efield signatures are quite distinct...
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Efield signatures are quite distinct...
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“Low hanging fruit”

e |ightning Initiation

- still one of the great unanswered questions - how does lightning get
started?
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“Low hanging fruit”

® [Forecasting severe weather

- LMAIs currently used as a proxy for lightning. But, what part of the lightning
process does LMA measure? Is it a lightning stroke?

- What is best statistic for “how much” lightning? Number of flashes? Number
of strokes”? Amount of charge neutralized by a flash?

2 Sigma DFRDT,CG and Total Flash Rate vs Time cellB1H-04-03-07
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“Low hanging fruit”

® Ground truth for space-based measurements

- LMA s great at detecting lightning, but can LMA yield any energetic
information?

- Could use NLDN, but it's notoriously bad at measuring ICs

8
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Marx meters

® The basis for our array is
a held-ehange-meter

Marx meter

e Each instrument has two
systems — an analog front
end and a recording
system

- essentially a charge amplifier
connected to a sensing plate

Time Constant 100 msec

Sample Rate 1MHz
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Huntsville Alabama Marx Meter Array (HAMMA)
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Huntsville Alabama Marx Meter Array (HAMMA)
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Huntsville Alabama Marx Meter Array (HAMMA)
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So, what does the data look like?
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So, what does the data look like?
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So, what does the data look like?
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So, what does the data look like?
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We can do spacetime locations...
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We can look at initiation...
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We can look at initiation...
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We can compare with NLDN...
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We can compare with NLDN...
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We can compare with NLDN...

e \Without assuming the strike point is at the ground...

NLDN

Vs delta x deltay delta d
Hamma

Mean 0.217 0.292 0.306

Spread 0.159 0.556 0.529

NLDN stroke detection efficiency = 0.72
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We can get charge retrievals...
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We can get charge retrievals...

2010/06/25 18:31:45

Eaat—Weat Distance (km)
10 15 20

Height (km)
ho a4 (o

0

.
K
%< &
.ty

&

00 .
Kt '4 v
°£‘ .,

-+

i
I I I I I |

orth—>cuth Distance (km]

orth—Scuth Distance {(km)

+

I
r 0
N

1 1 i i i L A

10 15
Eaat—Weat Distance (km) Height (km)

+ ,4 : « of o ™.
¥ Y }:g{ ¥ '*. Base time: 66704965681
-+

+ +

Stop time: 66705.680841

Height (km)

o b :.‘v

BE705.20 EE705.40 66705.60 Time Elapaed: &.715008
Time (=ec)

Friday, December 3, 2010



Case 1
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Case 1, part 2
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Case 1, part 2
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Case 1, part 3
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Case 1, part 3
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Case 1, part 3
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Case 2, part 2
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Wrapping up...

e HAMMA is starting to yield results that can characterize
an entire flash

e Each part of the flash has a distinct signature in the
electric field record, allowing us to improve current
lightning detection techniques

- Inside the array, we see the same strike point as NLDN

- Generally speaking, we see similar locations as LMA for in-cloud processes

¢ Typical location measurement errors™ are ~350m in X,y
and ~1-1.5km in z

® Typical charge values are in the expected range

- ~3 coulombs/stroke
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Fundamental UAHuntsville

question for
validation:

What is the best
way from the ground

to characterize what
GLM “sees?”
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What attribute of
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