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Observational Facilities in CHUVA

* Lightning Documentation (intracloud and cloud-to-
ground flashes/strokes)
— Lightning Mapping Array (VHF)
— Brasildat
— GLD360
— LINET

 Radar Documentation
— X-POL radar at UNIVAP (reflectivity and differential reflectivity)



Isolated thunderstorm viewed from UNIVAP
November 9, 2011
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Evolution of iIsolated CHUVA
thunderstorms
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First Radar Echo to First Lightning Flash

Initial Radar Echo to First IC Flash
Mean Delay = 28 Minutes

Number of Cases
[#]

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Time Delay (Minutes)

3 Initial Radar Echo to First CG Flash
@ Mean Delay = 44 Minutes
w
S 2
s
21
£
=
=
0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Time Delay (Minutes)



An Early Explanation for Multiple Strokes:
Clumps of Charge

Schonland 1938 =




Stroke Multiplicity of Cloud-to-Ground
Lightning Flashes
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Number of Cases

Peak return stroke currents
(from Brasildat)

Peak Stroke Current for
4 Initial Flashes to Ground
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Peak current comparisons with Brasildat
and RINDAT (Naccarato et al., 2012)

Peak Current Distribution (RINDAT x BrasilDAT)
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Reflectivity, differential reflectivity and lightning
November 11, 2011

Time (hours)

2071=11=11 ot 1&:00 UTC
Time (hours)

(Ui} 3ybisH (i) 1bisH



[\
S—

Differential Reflectivity, ZDR (H-V) (08)

ZDR for Conical Graupel—

Model Calculations

150

Conical Graupel (dry), 3 Gz, Simulsted

Disdectric Constant 20
il 3 4
as} 4
o}

4.5r

50 (2]
Cone Apex Angle (deg)

A A
70 80 0

b)

ot = total cone angle



Conclusions

Evolutionary sequence is identical for all cases
studied and consistent with earlier studies in North
America

The initial CG flash requires a radar-measured cell
diameter of order 10-12 km

Single stroke flashes are strongly preferred
Peak currents of initial CG flashes are smallish

Negative values of differential reflectivity
predominate in the mixed phase region during initial
electrification



—=22.40

—3360  —J3B0 2340 —23%50 3300 —22.50

=240

— 23,60

PPl 1.7% — Horizontal Reflectivity Date: 2011-11-1
SAGED 4660 4540 4500 —4&00 4580 4560 4540

Incipient thunderstorm
development November 12, 2011

2 at 15:24
—45.20 450

00

, H
L7 WHF=21 ?5:

- e Ic=4
.. s
: Sl b : +iE=0
—48.80 —4680 4840 —48.20 4600 -40.80 —45.60 —45.40 —4620 440

Initial radar echo

uTe
Z, (dBZ)
i
= Weo0
W55
‘ 50
i
= [ ras
U
2| 40
b 35
i
‘ 30
2
- W25
|
S a0
. s
3

10
3
B s

PRI 1.7° — Herizontal Reflectivity Date: 2011-11-12 at 15:48
4660 4660 4640 4890 —4A00 4580 4560 4540 4520 450

—2380 —Z3E0D 2340 =230 2300 2 —22.50 2280 —22.40

=240

See i _ i : +0E=3

ure
Z, (dBZ}
r:
= G0
r: ss
, 50
s
]
s
| 40
L 35
3
. 30
2
= W25
s
e 20
L 15
3

0
r:
& -5

—4B.80 —46.80 -48.40 —48.20 4800 -45.80 4060 —45.40 745.2-0 —46.01

Initial intracloud flash

PPl 1.7% — Horizontal Reflectivity Date: 2011-11-12 at 16:12 UTC

—AEH0 4680 4840 4800 4500 4580 4560 4540 —456.90 450 Zh (dBZ}
9 : ,»'_'& g e - e
= o - o i e
b PEREEE s : o 3 80
p H : : S
2 . “ e W ss
R . i
.
d \ 50
3
d 2
A 2
: -45
o 4 U
= o
q; B
i B 5
: :
= I 1 L
b I ) 35
o i
iffy B (=3
! : 30
g A
e g
il P Bes
) :
E B 4 P
= B N
B ¥ z
N
.
3 . . 2
o) by
: =
10
3 |
2 S
B s s
: : +LGE=1
—4E.B0 —4680 4840 4820 4600 4580 4560 —4540 4520 440

Initial cloud-to-ground flash



Radar Cell Diameters at Times of Initial
Lightning Flashes
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