Relating Electrified Cloud Properties to Wilson Currents: An Oceanic and Continental Case Study
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Background Data Collection and Analysis Results
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" Diurnal variation of fair weather current, depicted in the Carnegie Curve,

shown to relate Wilson currents and lightning data | Ak RN

= Clouds believed to electrify from non-inductive charging: updrafts | 417 . i - a) | b)

support development of ice crystals and graupel which collide in the s o . % - T VRN Vo wn we ww ww owa oo s e e e \

presence of supercooled water to create charge " T | VAT \ VR ] ‘

= Mach et al. (2009-2011) computed Wilson current estimates for oceanic - VRN RN | B oo | _ ot

and continental storms from data collected by the NASA ER-2 aircraft gl Vi | N e N

" Found oceanic storms had stronger Wilson currents than continental AP [ s
Y5

T

Wilson

Current Max

| Reflectivity

Echo Top Height (km)
Wilson Current (A)

Maximum Reflectivity (dBZ)
Wilson Current (A)

1

(o)}
|

Ul
|

7/
- Wilson
Current

B

1 Wilson

Global Electric Circuit Current

Precipitation Ice Mass (kg)

Ice Water Path (g/m?)
Wilson Current (A)

Wilson Current (A)
w

"‘_ s‘s‘ ' [ S0 ot * ey » B _
2 o - -~ = g 3 &
Field-aligned N Fair weather So 5 1.05p TR e ~ c i i d
currents o return currents - 0 oo ¥4 k. C
’ N - . -~
’ ransien S = 3 s
{ / % \\ z | - ok . _'. 0 : : ‘ ‘ ‘ : - | T | | | T -
’"._; 7/ "_. .~“ v \\ - — ‘/ . # il £ - . d i, e 17:16 17:31 17:45 18:00 18:14 18:28 18:43 18:57 17:16 17:31 17:45 18:00 18:14 18:28 18:43 18:57
’a’ ~s\ \ .\_E 1 o i - . < = 2 Q
uror ,"
u »

S "\ : . 3~y Time (UTC) Time (UTC)
g = \ p clouds ‘\ A »>

A4 . \ B 8 LISIOTD + Over Flight Data
Geomagnetically v \ \ q - 2.50E+12 - ) )
induced currents ¥ 4 \ Magnetic = . Direct Overflight Direct Overflight
7 -

- Y \ field lines i
- ¥ Electrified \ | EDOP i f EDOP
', clouds \ 75 A A A A A " i : _e T~ 77 r=0.74
12 15 18 ; P S r=0.70 )
UTC {Hours) Max - N

Updraft

2.00E+12 -

om0 A - | ) ) . o
I - Mb) carnegie Curve y  Oceanic Multicell Storm Evolution 9/19/01
overlaid with lightning
- sensor data and Wilson . 7
: TR . - | § ® Mature Stage
a) The GEC and all of its contributin | f
) g current measurements L | « Direct overflight

processes; Wilson currents in orange, fair from various storm types 8 TR | aaig 1.1310 uTC
. . e 1 & T T 4 il | Time (UTC :
weather currents in blue (FESD:ECCWES) M (Mach et al. 2011) of . (vt i Time (UTQ

i i | 1.00E+13 -

= Utilize the Mach et al. (2009-2011) data set to compare Wilson currents % o | et

to dynamical and microphysical properties of electrified clouds and storm T
evolution s | 'f = Dissipation Stage _
" |nvestigated cloud properties have already been shown to be related to D P i —§ " Not a direct *
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¥ parameterization for modeling the GEC T o Y i '} |
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Conclusions

" Peak in Wilson currents corresponds to peak in mature stage of
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