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Executive Summary
The University of Florida has surveyed all relevant publications reporting lightning

characteristics and presents here an up-to-date version of the direct-strike lightning environment
specifications for nuclear weapons published in 1989 by R. J. Fisher and M. A. Uman. Further,
we present functional expressions for current vs. time, current derivative vs. time, second current
derivative vs. time, charge transfer vs. time, and action integral (specific energy) vs. time for first
return strokes, for subsequent return strokes, and for continuing currents; and we give sets of
constants for these expressions so that they yield approximately the median and extreme negative
lightning parameters presented in this report. Expressions for the median negative lightning
waveforms are plotted. Finally, we provide information on direct-strike lightning damage to
metals such as stainless steel, which could be used as components of storage containers for
nuclear waste materials; and we describe UF's new experimental research program to add to the
sparse data base on the properties of positive lightning. Our literature survey, referred to above,

is included in four Appendices.
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l. Introduction
The most recent lightning direct-strike environment specification for nuclear weapons

was published 19 years ago by R. J. Fisher of the Sandia Corporation and Martin A. Uman of the
University of Florida in the document "Recommended Baseline Direct-Strike Lightning
Environment for Stockpile-to-Target Sequences”, May 1989, SAND-89-0192, Sandia National
Laboratories, Albuquerque, NM. New information about lightning has been made available in
the last 19 years via measurements and analysis. As part of the present LLNL grant, the
University of Florida has surveyed all relevant publications reporting lightning characteristics
and presents here an up-to-date version of the 1989 direct-strike specifications. Information from
UF's on-going program of measurement of the electromagnetic properties of close lightning,
including the currents in triggered lightning strokes and the charge transfer in natural positive
lightning, is, where appropriate, used to inform our judgments relative to the new specifications.
Further, we present functional expressions for current vs. time, current derivative vs. time,
second current derivative vs. time, charge transfer vs. time, and action integral (specific energy)
vs. time for first return strokes, for subsequent return strokes, and for continuing currents; and we

give sets of constants for these expressions so that they yield approximately the median and

extreme negative lightning parameters presented in this report. Expressions for the median



negative lightning waveforms are plotted. Finally, we provide information on direct-strike
lightning damage to metals such as stainless steel, which could be used as components of storage
containers for nuclear waste materials; and we describe UF's new experimental research program
to add to the sparse data base on the properties of positive lightning.

The following four sections (11, 111, 1V, and V) of this final report deal with related
aspects of the research: Section Il. Recommended Direct-Strike Median and Extreme
Parameters; Section Ill. Time-Domain Waveforms for First Strokes, Subsequent Strokes, and
Continuing Currents; Section IV. Damage to Metal Surfaces by Lightning Currents; and Section
V. Measurement of the Characteristics of Positive Lightning. Results of the literature search used
to derive the material in Section Il and Section 1V are found in the Appendices: Appendix 1.
Return Stroke Current, Appendix 2. Continuing Current, Appendix 3. Positive Lightning, and

Appendix 4. Lightning Damage to Metal Surfaces.

. Recommended Direct-Strike Median and Extreme Parameters.

An exact transcription of the direct-strike parameters recommended by Fisher and Uman
(1989) (their Table 2) as the lightning environment to be used for stockpile-to-target sequences
(STSs) for nuclear weapons is reproduced in Table 1. Fisher and Uman (1989) presented
median (50%) values and extreme values (stated as "1% frequency of occurrence”, but actually
meaning 1% of all events are expected exceed that value) for the parameters listed, and they
noted that knowledge of the form of the probability distribution function along with these two
values is sufficient to define the full distribution. They also note that 1% values should not be

considered absolute extremes.



The probability distribution functions of some lightning parameters have been shown
from measured data to be approximately log-normal (Uman, 1987, Appendix B3, pg. 339). Six
important lightning parameters that have been demonstrated to follow the log-normal distribution
to a reasonable degree of approximation are the negative first and subsequent return stroke peak
currents, the charge transfer to 1 msec for negative first and subsequent return stroke currents,
positive first return stroke peak current, and the time interval between negative strokes. Cianos
and Pierce (1972), in a table reproduced in Uman (1987, Appendix B3), list 10 lightning
parameters that they suggest can be described satisfactory by a log-normal distribution: flash
duration, interstroke interval, return stroke peak current, flash charge transfer, time to return
stroke current peak, rate of rise of return stroke current, time to return stroke current half-value,
duration of continuing current, continuing current amplitude, and continuing current charge.
Nevertheless, some of these parameters are only crudely approximated by the log-normal
distribution and are certainly not described satisfactory enough by that distribution to allow
adequate prediction of extreme values.

Table 2 contains our present recommendations for parameters comprising the direct-
strike environment. Negative and positive strokes, negative and positive continuing currents,
and negative and positive flashes are treated separately, in contrast to Fisher and Uman (1989)

who combined parameters for negative and positive events.



Table 1

Recommended Direct-Strike Lightning Environment for Future STSs.

Reproduced from Fisher and Uman (1989)

ABNORMAL LIGHTNING ENVIRONMENTS

A lightning strike directly to the warhead or to equipment associated with the warhead is
considered a credible possibility. The lightning could be of either the cloud-to-ground or

cloud flash (intracloud, intercloud, or cloud-to-air) type. Extreme (1% frequency of

occurrence) and median (50%) values are given below for those cloud-to-ground flash

parameters considered to constitute the most important threats to the weapon.

Corresponding cloud flash parameters fall within the envelope defined below and are

therefore not separately listed.

RETURN STROKE PARAMETERS! 1%
a. Peak Current (kA) 200
b.Time to Peak (us) 0.1-15
c. Max. Rate of Current Rise (KA/ps) 400
d.Time to Decay to Half Peak (L) 10-500
e. Amplitude of Continuing Current? (A) 30-700
f. Duration of Continuing Current (ms) 500

FLASH PARAMETERS

a. Number of Strokes >20
b. Interstroke Interval (ms) 10-500
c. Total Flash Duration (ms) 30-1000
d. Total Charge Transfer (C) 35(()5
e. Action Integral [I 12dt] (A%) 3x10

50%
30

150

50
150
150

4
60
180
15
5x10*

The entire cloud-to-ground discharge may be comprised of multiple individual major

current pulses. These are known as return strokes or, simply strokes.

“Continuing currents can occur between individual strokes, following the final stroke in a

flash, or both.



Table 2
Direct-Strike Lightning Environment Recommended by the Present Study. Note That the
50% and 1% Columns are Reversed in Order from Table 1.

50% 1%
RETURN STROKE PARAMETERS
NEGATIVE FIRST STROKES
(a) Peak Current (kA) 30 150
(b) Time to Current Peak (s) 5 30
(c) Maximum Rate of Current Rise (KA/uS) 100 400
(d) Time to Decay to Half-Peak Value (us) 70-80 300
(e) Charge Transfer (C) 5 40
POSITIVE FIRST STROKES
(a) Peak Current (kA) 35 500
(b) Time to Current Peak (ps) 10-20 150
(c) Maximum Rate of Current Rise (KA/uS) 100 400
(d) Time to Decay to Half-Peak Value (us) T T
NEGATIVE SUBSEQUENT STROKES
(a) Peak Current (kA) 10-15 50
(b) Time to Current Peak (10-90 Percent) (ps) 0.3-0.6 9
(c) Maximum Rate of Current Rise (KA/uS) 100 400
(d) 10 to 90 Percent Rate of Current Rise (kKA/uS) 30-50 150
(e) Time to Decay to Half-Peak Value (us) 30-40 250
NEGATIVE CONTINUING CURRENT LONGER THAN 40 ms
(@) Amplitude (A) 100-200 1000
(b) Duration (ms) 100 600
(c) Charge Transfer (C) 10-20 200
POSITIVE CONTINUING CURRENT
(a) Amplitude (kA) 1 10
(b) Duration (ms) 85 1000
(c) Charge Transfer (C) 80 700
NEGATIVE FLASH PARAMETERS
(a) Number of Strokes 3-5 25
(b) Interstroke Interval (ms) 60 600
(c) Duration (ms) 200 1000
(d) Charge Transfer (C) 20 200
(e) Action Integral (A%s) 8x10* 3x10°
POSITIVE FLASH PARAMETERS
(a) Number of Strokes 1 3
(b) Duration (ms) 85 1000
(c) Charge Transfer (C) 80 700
(d) Action Integral (A%) 7x10° 6x10’

T See discussion under Section 11 (e)



All parameters listed are for lightning between the cloud and ground. The characteristics of
intracloud or intercloud lightning are much less well studied but thought to be generally less
severe. Comparison of Table 1 and Table 2 shows that we have presented more lightning
parameters than did Fisher and Uman (1989) and that some of the common parameters differ
significantly. We comment below on the choice of the parameters listed in Table 2.

a. "Decay to 1000 A": As Fisher and Uman (1989) recommend, this parameter of Table

1 has been eliminated from Table 2.

b. Return stroke peak current: The peak current data in Table 2 for positive first strokes

(rarely are there positive subsequent strokes — see Positive Flash Parameters in Table 2)
and for first and subsequent negative strokes are taken from Berger et al. (1975) and their
referenced previous work. The median (50%) values are relatively well established, and
the 1% values are chosen from fitting log-normal distributions to the measured data,
although some experimental data were measured near the 1% values of the data-fitting
curve.

c. Maximum rate of return stroke current rise and other rise-time characteristics: In tower

measurements such as made by Berger et al. (1975) this parameter is underestimated
because of measurement system limitations and the potential influence of the strike
object. Schoene et al. (2008) have shown that the strike object can affect rise-time
parameters and that the highest rate of rise is for a well grounded object. The value of
100 kA/us adapted as the 50% maximum rate-of-rise both for positive strokes and for
negative first and subsequent strokes has been measured on well-grounded strike objects
for negative strokes in triggered lightning, those strokes being similar, if not identical, to

subsequent strokes in natural lightning (Schoene et al. 2008; Depasse 1994; Fisher et al.



1993). The inference that the same 50% maximum rate of rise of current characterizes
negative and positive first strokes as is measured for negative subsequent strokes follows
from the observation that the maximum rate of change of the remote electric field for the
three types of strokes striking well-conducting salt water is essentially the same (e.g.,
Krider et al. 1996; Cooray et al. 1998). The 1% maximum rate-of-rise-time of 400
kA/psec listed in Table 2 is near the largest value measured for a triggered-lightning
return stroke, 411 kA/us (Letienturier et al. 1991), and the largest value measured for
lightning interaction with an aircraft in flight, 380 kA/us (Pitts et al. 1987). Return stroke
rise-time characteristics such as time to peak and 10 to 90% rise-time are determined
from measured triggered-lightning current waveforms and tower current waveforms
(primarily Berger et al. (1975) and the references therein) with comparison of the
measured current characteristics to electric field and electric field derivative
measurements for lightning over salt water being used to infer current characteristics not
adequately measured directly.

d. Flash charge transfer: The charge transfer values in Table 2 are taken primarily from

the experimental data of Berger et al. (1975) and a log-normal distribution fit to those
measured data. For a positive flash, 700 C is inferred from the log-normal distribution fit
as the 1% value, whereas the largest measured value from Berger et al. (1975) was 400 C
at the 4% level. There have been a number of measurements of both positive and
negative charge transfer between 300 and 1000 C for lightning in Japanese winter storms,
with one positive charge transfer reported to exceed 3000 C (Miyake et al. 1992, Goto

and Narita 1995). The International Standard IEC 62305-1,3 (2006) lists 300 C as a



"severe" charge transfer for all flashes. Damage to metal surfaces by charge transfer is
considered in Section 1V.

e. Flash action integral: The values for action integral in Table 2 are taken from the data

of Berger et al. (1975), references to their previous work given in that paper, and log-
normal distribution extrapolations of those measurements. It is sometimes difficult to
decide when a return stroke current ends and a continuing current begins, particularly for
positive flashes which almost always exhibit large, long-duration variable currents
following an initial current peak. If such long-duration currents are attributed to
continuing current, then it is continuing current that makes the major contribution to the
flash action integral value (and to the charge transferred). It follows that the "time to
decay to half-peak value" is not well defined for positive first strokes. The International
Standard IEC 62305-1,3 (2006) gives 10" A’ for a "severe" first-stroke action integral,
whereas we give 6 x 10 A% in Table 2 for the 1% value for a positive flash, consistent
with the data of Berger et al. (1975).

f. Continuing current, negative and positive: Duration data for negative continuing

current longer than 4 ms taken from the high-speed video measurements of Campos et al.
(2007) indicate that 15 ms is at the 50% level and 550 ms is at the 1% level. Kitagawa et
al. (1962) report, from electric field measurements, that half of all negative ground
flashes exhibit continuing current intervals exceeding 40 ms. Kitagawa et al. (1962) term
continuing currents exceeding 40 ms "long continuing current”. In Table 2, we present
data only for long continuing currents.

g. Other parameters: The best overall discussion of the parameters not discussed in (a) —

(e) above, for which there would not be much argument and which are not particularly

10



critical to induced or direct lightning effects, is found in Rakov and Uman (2003), which

is also a source for further information on the parameters discussed above in (b) — (f).

I1l.  Time-Domain Waveforms for First Strokes, Subsequent Strokes, and Continuing Current.
We present functional expressions for current vs. time, current derivative vs. time, second
current derivative vs. time, charge transfer vs. time, and action integral (specific energy) vs. time
for first strokes, subsequent strokes, and continuing current using the approach suggested by
DeConti and Visacro (2007), following Heidler et al. (1999). Constants are chosen for these
current-related expressions so that the waveforms approximate the various 50% parameters for
negative lightning listed in Table 2. The resultant waveforms can be considered typical. The
current-related waveforms can be altered by changing the constants found in the functional
expressions. At the end of this section we will suggest constants to produce "severe™ waveforms.
General: General functional expressions for the return stroke and continuing current

waveforms are given below. There are four constants (10, ,n, , 71, ,72,) for each term in the
summations. The constant 10, controls the amplitude, n, controls the initial waveform
steepness, 71, is the front-time constant, 72, is the decay-time constant, and 7, is termed the

amplitude correction factor.

t )"
m - 1 J
Current: i(t) = >’ 100 g 7r2r L7 (1)

= 7 e
k=t k 1+L
71,

1

EYNNT
with 7, =\
=
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m
Current derivative: i'(t) =Y

)

Current second derivative:

t Ny k 2n,
e t 10| n, (2, ) - 2t? t —t? —n2(c2)* -t? t +2tn, 72,
71, 1, 7l
Ny 3
tz{[t} +1] 77k(12k)2
71,
t )" 2 t )" 2 2 t )"
10, || — | n(z2 )+ — | n’(z2)* +2t N2,
71, 71, 71,

+

HOES

- 3 3)
tzl:[tj +1} nk(TZK)Z
71,
&)
t
n 10, —+ |7l
Charge transferred: J'i(t)dt :jz 10, g 2 Nk —(t (4)
k=1 T t )"
1+
[ rlkj
5
A
n 1o, — |z
Action integral: Iiz(t)dt:_[ > 10, g 2 Tk — | dt (5)
PE ( t Jk
1+—
. 71, |

Subsequent Stroke: To synthesize a typical subsequent stroke waveform, one Heidler
function is used, i.e., m = 1 only in the expressions above. The values for the parameters are
given in Table 3. The plots for the current, the first derivative of the current and the second
derivative are shown in Fig.1, Fig.2, and Fig.3, respectively. The parameters obtained from the
plotted waveforms are given in Table 4.
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Table 3. Calculated Values of Heidler Function Parameters for a Subsequent Stroke
Current

10(kA) n 71(8) 72(15)
15 5 0.2 50

Table 4. Measured Parameters of Waveform Synthesized Using Parameters From Table 3.

di
I peak (kA) (aj (kA/ ,uS) Z-10t090risetime (IUS) TPeaktoSOdecaytime (/‘S)
15 98 0.18 31

[CNy

Current(kA)

0 2.10 ° 410 © 610 ° 810 ° 110 °
t

Time(s)
Fig 1. Subsequent Stroke Current Waveform. The Peak Current is Shown.
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Time Derivative(A/s)

IR ! ! ! ! ! ! ! ! !
0 210’ 410’ 610’ 810 110° 1.210 ° 1410 ® 1.6.10 ® 1.810 ©

t

Time(s)

Fig 2. First Time Derivative of Subsequent Stroke Current. The Maximum Derivative is
Shown.

15-10%
—~~
(9}
%
< 110" - -
N
(D)
=
+—
S 5.10" - —
5 4.
8 5O
2 - 0
=
©
= -5.10"" |- —
(&)
[¢D)
(9p]
1 10% ! ! |
0 5.10 ' 110 0 15-10 °
t
Time(s)

Fig 3. Second Time Derivative of Subsequent Stroke Current.

First Stroke: For a first stroke waveform, 6 Heidler functions (m = 1 - 6) are summed.
The parameters used for each Heidler function are shown in Table 5. Fig. 4 shows the current.
Fig. 5 shows the first derivative of the current, and Fig. 6 shows the second derivative. The
parameters measured from the plotted waveforms are shown in Table 6.
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Table 5. Calculated Values of Heidler Function Parameters for a First Stroke
Current

K 10, (kA) ny 1, (18) 72, (48)
1 3 2 15 30

2 3 3 15 30

3 3 9 20 30

4 3 11 20 30

5 25 150 10 23

6 15 2 30 250

Table 6. Measured Parameters of First Stroke Waveform Synthesized Using Parameters
From Table 5.

di
I peak (kA) [aj (kA/ /'5) TlOtoQOrisetime (/’5) TPeaktoSOdecaytime (;US)
max
34 97 3.1 77
50 T T T |
4167 .
. e 34
$
§ i ¢ .
5
O
16.67[~ -
8.33 i
0 l l l l
0 2410 ° 4810 ° 7210 ° 9610 ° 1210 °
t
Time(s)

Fig 4. First Stroke Current Waveform. Peak Current is Shown.
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Second Time Derivative(A/s"2)

Fig 6.

d—(d—i(t)j 0
dt\ dt

17

I
11 |
A ., ""—"_—"—_""_—"—"—"esS.-§,!.cj 9,7.10IU
@
<
(¢B]
= 5100 -
)
S Liw
S dt
8 —
=
.|: 0
—5.1010 |_ |_ |_ |_ |_ | - | -
0 2.10 ° 410 ° 610 ° 8-10 ° 110° 1210° 1410°
t
Time(s)
Fig 5. First Time Derivative of First Stroke Current Waveform. Maximum Derivative is
Shown.

410"

2:100 I~

-2.10t |
-4.10t |
610V L L L L L L L
0 210 ° 410 ° 610 ° 8-10 ° 110 ° 1210°  1410°
t
Time(s)

Second Time Derivative of First Stroke Current Waveform.
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The first stroke current rise to peak value consists of a "slow front™" of some
microseconds followed by a "fast transition” of tenths of a microsecond to the peak value during
which time the maximum current derivative occurs, as observed on towers in Switzerland
(Berger et al. 1975), Brasil (DeConti and Visacro 2007), and as inferred from electric field
measurements (e.g., Jerauld et al. 2007). For the first-stroke constants given, the first-stroke

charge transfer is 4 C, and the action integral is 10° A%.

Continuing current: One Heidler function is used to produce the waveform (Figure 7) for the

negative continuing current. The values for the parameters are summarized in Table 7. Quantities
measured from the analytical waveform are found in Table 8. Figure 8 and 9 show the first and
the second time derivative of the current waveform, respectively. The action integral is

1.08*10° A%

Table 7. Calculated Values of Heidler Function Parameters for Continuing Current

10(A) n 71(18) 72(ms)

200 2 25 100

Table 8. Measured Parameters of Waveform Synthesized Using Parameters From Table 7.

di Total
| A — Al e (MS
peak ( ) (dt jmax ( /JS) Charge(C) TPeaktoSOdecaytlme ( )
205 5.35 12.92 70

17



250

208.33
166.67

i(t)y 125

Current(A)

83.33

41.67

0 0.04 0.08 0.12 0.16 0.2
t
Time(s)
Fig 7. Negative Continuing Current Waveform. Peak Current is Shown.

Time Derivative(A/s)

0 110° 210° 310° 410° 510° 610° 710° 810° 9.10°
t
Time(s)

Fig 8. First Time Derivative of Continuing Current Waveform. Maximum Derivative is
Shown.
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8-10 T T T T T T T T T

Second Time Derivative(A/s"2)

0 110° 210° 310° 410° 510° 610° 70° 810° 9.40° 1.10 ¢

t

Time(s)
Fig 9. Second Time Derivative of First Stroke Current Waveform.

Severe (1%) Parameters: Functional expressions are given above for negative first and

subsequent strokes and for continuing current. Constants are given to produce the median
parameters found in Table 2. To simulate a reasonable approximation to a negative flash having
all 1% parameters, multiply the first and subsequent stroke current amplitudes for the median
case by a factor of 5 and the continuing current amplitude for the median case by a factor of 10.
IV.  Damage to Metal Surfaces by Lightning Currents

Nuclear waste materials are to be stored and transported in various containers (casks) that
are, in part, composed of multiple, concentric, closed-metal shells. For example, the nuclear
waste cask type TEV (Transportation and Emplacement Vehicle) has a 1/2"-thick outer stainless
steel shell separated from an inner 1 % "-thick stainless steel shell by 6" of polymer material.
Within the inner shell is 1 %2 " of depleted uranium and within that another ¥2"-thick stainless
steel container. The nuclear waste is contained inside the latter ¥2"-thick stainless steel container.

Other casks have equivalent or greater shielding than type TEV. For example, the NUHOMS

19



MP197 Package has a 2 %2"-thick outer layer of stainless steel with 3 %" of lead and 1 ¥4" of
stainless steel inside of the outer layer.

The critical question is whether an extreme direct lightning strike could penetrate nuclear
waste containers such as those described above. To answer this question we have surveyed the
pertinent literature on lightning damage to metal surfaces, the few significant papers being listed
in Appendix 4, and we have performed tests on %"-thick and %2"-thick stainless steel plates using
triggered-lightning currents.

The physical mechanisms by which lightning or laboratory arcs deliver energy to metal
surfaces and the resultant damage of those surfaces is reviewed by Testé et al. (2000). The
power density Q delivered to a metal surface is

Q = J. Fn Watts/m? (6)
where J; is the electron current density to the surface in Amps/m? and Fy is called the
Nottingham potential, the potential drop in Volts at the surface due to the work function of the
metal and other parameters contributing to the voltage drop between the tip of the arc and the
metal. The Nottingham potential is generally in the range 5 to 10 Volts and the range of the
electron current density has extremes of 10® and 10*2 Amps/m?, but generally is 10° to 10%
Amps/m? for a reasonable range of metals and currents. If, for example, Jo = 10° A/m? and a
lightning continuing current of 10° Amps flows, the surface area over which the current supplies
input power is 1 mm. The total power, P, delivered to a small spot on a metal surface is

P=I.Fn Watts (7)
and the total energy, W, delivered to the surface is the integral over time of P which, if Fy is
roughly constant with changing current, as appears to be the case, is

W =Q.Fn Joules (8)
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where Qg is the total charge delivered to the surface. Testé et al. (2000) give references to
various published papers describing in more detail the experiments and theory leading to the
formulation given above. Of most significance is the fact that from Eq.(8) the input energy is, to
first approximation, linearly proportional to the charge delivered to the metal surface.

The energy input to the metal surface produces a temperature rise and melting, and
further heating of the melted metal. The greatest amount of penetration perpendicular to the
metal surface occurs when the arc does not wander on the metal surface. Short arcs tend not to
wander and long arcs which penetrate a thin insulating surface material covering the metal such
as metal oxide or paint can be held in place by that surface material. In general, magnetic forces
will cause the arc root of a long arc to wander (see next paragraph). Bellaschi (1941),
McEachron and Hagenguth (1942), and McEachron (1949) describe damage to metal surfaces
from natural lightning and from laboratory arcs. They all show experimentally that there is a
linear relationship between (1) both the amount of metal melted and the area of the holes melted
in thin metal sheets and (2) the total charge delivered to the metal by the current, consistent with
Eq. (8). McEachron and Hagenguth (1942) illustrate that it is the charge transfer that is
important to the degree of damage and not the action integral, as would be the case if I°R heating
of the metal were important, by applying different arc currents for different lengths of time to
metal surfaces. Bellashci (1941) showed experimentally that, for copper, there was an average of
about 1 cubic mm of metal fused for each 2 Coulombs of charge transferred to the copper
surface, independent of electrode polarity, and stated that the same result was expected for iron,
considering its physical properties. He also showed experimentally, that the Nottingham
potential Fy in Eq. (6) for copper was about 6 Volts and that a charge of 1790 Coulombs (above

the 1% value for both negative and positive lightning — see Table 2) fused about 1 cm® of copper.
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McEachron and Hagenguth (1942) applied 430 Coulombs (above the 1% level for negative
lightning but below that level for positive lightning — see Table 2) to a 3/8" thick sheet steel plate
and formed a crater of 3/16" depth and 180 mm? area. They stated that several thousand
Coulombs (above the 1% level for either negative or positive lightning) would be required to
puncture the 3/8" thick steel plate.

Triggered-lightning experiments have been used to measure the damage to metal surfaces
from lightning charge transfer. Schnetzer and Fisher (1992) show that about 40 C of lightning
charge, delivered in a 4-stroke flash, to a 0.05-inch thick stainless steel sample does not burn
through the sample but rather make a number of separate damage spots on it, each spot being
about 0.1 inch in diameter, because the location of the arc root moves during the flash. Similar
damage structure is seen for a lightning charge of about 90 C, of which 78 C is in continuing
current, to a 0.08-inch thick copper sample. In mid-summer 2008 we set up our own triggered-
lightning experiments at the UF-FIT International Center for Lightning Research and Testing
(ICLRT) in which triggered-lightning current is intended to impact ¥2-inch thick and %-inch
thick stainless steel plates simulating cask material. These experiments remain active, but we
have only been able to trigger lightning to the plates once, primarily because tropical storms have
suppressed the more usual Florida summer convective thunderstorm activity. That one event
occurred on September 17, 2008, to late to be included in this report.

It follows from the above (experiment and theory) that it is extremely unlikely that any
known lightning charge transfer could penetrate a %" thick outer layer of stainless steel that
comprised the outer wall of a nuclear storage cask, and, for existing and planned casks, there are
multiple layers of such steel and other materials surrounding the nuclear waste, providing

additional safety.
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V. Measurement of the Characteristics of Positive Lightning

In May of 2008, an experiment was begun to measure the electric and magnetic fields
produced by cloud to ground lightning of positive polarity occurring within about 10 km of the
International Center for Lightning Research and Testing (ICLRT). Prior to this experiment, the
electric and magnetic field sensors at the UF-FIT research site were configured to measure
lightning occurring within 1 km. To measure a statistically significant number of the more
distant positive lightning flashes (those being ten times less common than negative flashes and
potentially have higher peak currents, higher charge transfers, and longer continuing currents),
the number of electric field sensors in the network was increased from six to ten, their relaxation
times were increased from 1 s to about 5 s, and their gains were increased. Three different
sensitivities were necessary to measure the full range of signal amplitudes produced by the
different physical processes occurring in positive lightning at different distances. A second
cross-looped magnetic field sensor with a higher sensitivity and longer relaxation time has been
added to augment the original magnetic field sensor and the electric field measurements. In
addition to these RF measurements, ten Nal-PMT, high-energy detectors have been added to the
experiment to detect any x-rays produced by positive polarity discharges.

To date, data have been recorded for about 75 cloud to ground, positive lightning flashes,
at distances of several kilometers to fifty kilometers. Data recorded after June 10, 2008, were
synchronized to GPS time, and most of the data recorded after this date has been correlated to
NLDN reports of positive lightning. Two examples of our data are given in Figures 10 and 11.
Figure 10 shows data from the closest recorded positive cloud to ground lightning, occurring at a

distance of about 2 km north-east of the ICLRT (no NLDN location - flash seen in that direction
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at time of data record, thunder heard within seconds). Figure 10a shows the data on a time scale
of 700 ms, and Figure 10b shows the data on a time scale of 3 ms. Figure 11 shows data
recorded for an event that was reported by the NLDN as being a 190 kA, single-stroke, positive
cloud to ground lightning, 25 km south of the ICLRT. Figure 11a shows the data on a time scale
of 600 ms, and Figure 11b shows the data on a time scale of 500us. From data such as is shown
in Fig. 10 and Fig. 11, we hope to extract statistics on the continuing currents and charge transfer
in Florida positive lightning. For example, the charge transferred by a positive return stroke can
be calculated using the magnitude of the electrostatic field change in the following equation

 2,(H?+R?)
H

AQ AE (6)

where H is the altitude of the source charge, and R is the distance to the return stroke from the
sensor. Figure 12 shows the full-length electric field waveform of the event shown in Figure 11,
with an electrostatic field change of about 700 VV/m marked. That electrostatic field change is
also evident in Fig. 11a, antenna E-5. Assuming this flash was 25 km away and that the charge
source was at an altitude of 8 km, the total charge transferred was about 88 C, near the median

value of 80 C listed in Table 2.
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Figure 10a. The electric (E) and magnetic (B) fields of a positive, cloud to ground lightning that
occurred about 2 km north-east of the ICLRT. Note that E-22 has a fast relaxation time, about 5
ms, and E-5 has a longer relaxation time of about 5 s.
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561.8 ms, and stays saturated until after 563 ms. Note that the magnetic field measurements are
the old sensors, which are configured to measure on-site lightning, and have a relaxation time of

about 15 ms.
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Figure 11a. The electric (E) and magnetic (B) fields of a positive, cloud to ground lightning that
was reported by the NLDN as having a peak current of 190 kA, and occurring 25 km south of the

ICLRT.
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and the calculated charge transfer was about 88 C.

29



10.

11.

12.

LIST OF REFERENCES

Berger, K., R. B. Anderson, and H. Kroninger, Parameters of Lightning Flashes, Electra,

80, 23-27, July 1975.

Campos, L., M. Saba, O. Pinto Jr., M. Ballarotti, Waveshapes of Continuing Currents for
Properties of M-Components in Natural Negative Cloud-to-Ground Lightning from High-
Speed Video Observations, Atmospheric Research, 84, 302-310, 2007.

Cooray, V., Fernando, M., Gomes, C., Sorensen, T., Scuka, V., and Pedersen, A., 1998,
The Fine Structure of Positive Return Stroke Radiation Fields: A Collaborative Study
Between Researchers from Sweden and Denmark. In Proc. 24" Int. Conf. on Lightning
Protection, Birmingham, UK. pp. 78-82.

DeConti, A., and S. Visacro, Analytical Representation of Single-and Double-Peaked
Lightning Current Waveforms, IEEE Trans. on Electromagnetic Compatibility, 49, 448-
451, 2007.

Depasse, P., Statistics on Artificially Triggered-Lightning. J. Geophys. Res. 99, 18,515-
18,522, 1994.

Fisher, R. J. and M. A. Uman on Recommended Baseline Direct-Strike Lightning
Environment for Stockpile-To-Target Sequences, SAND-89-0192, Sandia National
Laboratories, Albuquerque, NM, May 1989

Fisher, R. J., G. H. Schnetzer, R. Thottappillil, V.A. Rakov, M.A. Uman, and J.D.
Goldberg, Parameters of Triggered-lightning Flashes in Florida and Alabama, Journal of
Geophysical Research, 98, 22,887-22,902, 1993.

Goto, Y., and K. Narita, Electrical Characteristics of Winter Lightning, J. Atmosph. Terr.
Physics, 12, 57-64, 1995.

Heidler, F, J. M.Cvetic, and B.V.Stanic, Calculation of Lightning Current Parameters,
IEEE Trans. on Power Delivery, 4, 399-404, 1999.

IEC 62305-1:2006. Protection Against Lightning. Part 1: General Principles. Geneva.
International Electrotechnical Commission.

IEC 62305-3:2006. Protection Against Lightning. Part 3: Physical Damage to Structures
and Life Hazard. Geneva. International Electrotechnical Commission.

Jerauld, J., M. A. Uman, V. A. Rakov, K. J. Rambo, and G. H. Schnetzer, Insights Into

30



13.

14.

15,

16.

17.

18.

19.

20.

21.

the Ground Attachment Process of Natural Lightning Gained From an Unusual
Triggered-Lightning Stoke, J. Geophys. Res. 112, 1-16, doi:10.1029/2006/JD007682,
2007.

Kitagawa, N., M. Brook, and E. J. Workman, Continuing Currents in Cloud-to-Ground
Lightning Discharges, J. Geophys. Res, 67, 637-647, 1962.

Krider, E. P., C. Leteinturier, and J. C. Willett, Submicrosecond Fields Radiated During
the Onset of First Return Strokes in Cloud-to-Ground Lightning, J. Geophys. Res. 101,
1589-1597, 1996.

Leteinturier, C., J. H. Hamelin, and A. Eybert-Berard, Submicrosecond Characteristics of
Lightning Return-Stroke Currents, IEEE Trans. Electromagn. Compat., 33, 351-357,
1991.

Miyake, J., T. Suzuki, and K. Shinjou, Characteristics of Winter Lightning Current on
Japan Sea Coast, IEEE Trans. on Power Delivery, 1, No. 3, 1450-1457, 1992.

Pitts, F. L., R. A. Perala, T. H. Rudolph, and L. D. Lee, New Results for Quantification of
Lightning/Aircraft Electrodynamics, Electromagnetics 7, 451-485, 1987.

Rakov, V.A., and Uman, M. A., Lightning: Physics and Effects. New York: Cambridge
University Press, 2003.

Schnetzer, G.H., and R.J.Fisher, 1991 Rocket-Triggered Lightning Test of the DoD
Security Operations Test Site (SOTS) Munitions Storage Bunker, Ft. McClellan,
Alabama, Vol. 1, Sandia Report, SAND91-2343 UC-706, February 1992.

Schoene, J., M. A. Uman, V. a. Rakov, K. J. Rambo, J. Jerauld, C. T. Mata, A. G. Mata,
D. M. Jordan, and G. H. Schnetzer, Characterization of Return Stroke Current in Rocket-
Triggered Lightning, to be published J. Geophys. Res. 2008.

Teste, Ph., T. Leblanc, F. Uhlig, and J. P. Chabrerie, 3D Modeling of the Heating of a

Metal Sheet by a Moving Arc: Application to Aircraft Lightning Protection, Eur. Phys. J.
AP11, 197-204, 2000.

31



Appendix 1: Return Stroke Current

AUTHORS

Alizade, A.A., Muslimov, M.M. &
Khydryrov, F.L.

Andreotti, A., De Martinis, U., and
Verolino, L.

Andreotti, A., U. Demartinis, L.

Verolino

Baba, Y., and V.A. Rakov

Barker, P.P., and R.T. Mancao

Barker, P.P., R.T. Mancao, D.J.

Kvaltine, and D.E. Parrish

Bell, E. & A.L. Price

Berger, K.
Berger, K.

Berger, K.

Berger, K.

Berger, K.

Berger, K.

Berger, K.

Berger, K.

Berger, K.

Berger, K. & E. Vogelsanger

Berger, K. & E. Vogelsanger

PUB
1976

2001

2001

2005

1992

1993

1931

1947
1955

1955

1962

1967

1967

1972

1977

1980

1965

1968

TITLE

Study of Electric Field Strength Due To
Lightning Stroke Currents

An Inverse Procedure For the Return Stroke
Current Identification

Comparison of Electromagnetic Field For Two
Different Lightning Pulse Current Models

Lightning electromagnetic environment in the
presence of a tall grounded strike object

Lightning Research Advances With Digital
Surge Recordings

Characteristics of Lightning Surges Measured
At Metal Oxide Distribution Arresters

Lightning Investigation on the 220-Kv System
of the Pennsylvania Power and Light Company
(1930)

Lightning Research in Switzerland

Die Messeinrichtungen Fur Die Blitzforschung
Auf Dem Monte San Salvatore

Resultate Der Blitzmessunger Der Jahre 1947-
1954 Auf Dem Monte San Salvatore

Front Duration and Current Steepness of
Lightning Strokes To Earth, Gas Discharges
and the Electricity Supply Industry

Gewitterforschung Auf Dem Monte San
Salvatore

Novel Observations on Lightning Discharges:
Results of Research on Mount San Salvatore

Methoden Und Resultate Der Blitzforschung
Auf Dem Monte San Salvatore Bei Lugano in
Den Jahren 1963-1971

the Earth Flash in Lightning

Extreme Blitzstrome Und Blitzschutz

Messungen Und Resultate Der Blitzforschung
Der Jahre 1955-1963 Auf Dem Monte San
Salvatore

New Results of Lightning Observations

JOURNAL

Elektrichestvo, 11, 67-68

leee Trans. Electro. Comp., 43, 2, 155-
61

Euro. Trans. on Elect. Power, 11, 4,
221-226

J. Geophys. Res., Vol. 110, D09108,
doi:10.1029/2004JD005505

leee Computer Applications in Power,
April, 11-16

leee Trans. Pow. Del., 8, 301-310

Trans. Aiee, 50, 1101-1110

Weather, 2, 231-238
Bull. Schweiz. Elektrotech. Ver., 46,
193-204

Bull. Schweiz. Elektrotech. Ver., 46,
405-424

(Eds.) J.S. Forrest, P.R. Howard, D.J.
Littler, Butterworth, London, Pp. 63-73

Elektrotechnik, Z-A, 82, 249-260

J. Franklin Inst., 283, 478-525

Bull. Schweiz. Elektrotech, Ver., 63,
1403-1422

Vol. 1, Physics of Lightning, R.H.
Golde, Ed., Academic Press, N.Y., Pp.
119-190

Bull. Schweiz. Elektrotech. Ver., 71,
460-464

Bull. Schweiz, Elektrotech. Ver. 56, 2-22

International Conference on Large High
Tension Electric Systems, 10-20 June

32



Berger, K. & E. VVogelsanger

Berger, K., Anderson, R.B. &
Kroninger, H.

Chia, D.K.L., A.C. Liew

Cummer, S.A., and U.S. Inan

Darveniza, M.

Darveniza, M., and D.R. Mercer

Davis, R. & W.G. Standring

Delfino, F., R. Procopio, M. Rossi,
and L. Verolino

Depasse, P.

Eriksson, A.J.

Eriksson, A.J.

Eriksson, A.J.

Eriksson, A.J.

Fieux, R.P., Gary, C.H., Hutzler,
B.P., Eybert-Berard, A.R., Hubert,
P.L., Meesters, A.C., Perroud, P.H.,

Fisher, R.J., G.H. Schnetzer, R.
Thottappillil, V.A. Rakov, M.A.
Uman, and J.D. Goldberg

Foust, C.M. & H.P. Kuehni

Fuchs, F., Landers, E.U., Schmid,
R., and Wiesinger, J.

Garbagnati, E. & G.B. Lo Piparo

1969

1975

2005

2000

1986

1993

1947

2003

1994

1978

1978

1980

1982

1978

1993

1932

1998

1982

New Results of Lightning Observations

Parameters of Lightning Flashes

Analysis of Effect of Resistive Lightning
Portection Terminal on Lightning Return
Stroke Current

Modeling EIf Radio Atmospheric Propagation
and Extracting Lightning Currents From EIf
Observations

Measurement of Impulse Currents Using Pre-
Magnetised Tape

Laboratory Studies of the Effects of Multipulse
Lightning Currents on Distribution Surge
Aurresters

Discharge Currents Associated With Kite
Balloons

Lightning Current Identification Overa
Conducting Ground Plane

Statistics on Artificially Triggered Lightning

A Discussion on Lightning and Tall Structures

Lightning and Tall Structures

the Lightning Ground Flash - An Engineering
Study, Thesis (University of Natal, South
Africa, December)

the Csir Lightning Research Mast-Data For
1972-1982

Research on Atrtificially Triggered Lightning in
France

Parameters of Triggered-Lightning Flashes in
Florida and Alabama

the Surge-Crest Ammeter

Lightning Current and Magnetic Field
Parameters Caused By Lightning Strikes To
Tall Structures Relating To Interference of

Parameter VVon Blitzstromen

in Coroniti, S.C., and J. Hughes (Ed.),
Planetary Electrodynamics, 1, Gordon
and Breach, New York, 489-510

Electra, 80, 23-37

IEEE Trans. Pow. Del., 20, 3, 2307-14

Radio Sci., 35, 2, 385-394

le Aust. & Iree Aust. 6, June

leee Trans. Power. Del., 8, 1035-1044

Proc. Roy. Soc. (London), A191, 304-
322

Radio Sci., 38, 3, 1049, Doi:
10.1029/2001rs002521

J. Geophys. Res., 99, 18,515-18,522

Csir Special Report Elek 152, National
Electrical Engineering Research
Institute, Pretoria, S.A., July

Trans. South African Institute of
Electrical Engineers, 69, 2-16, August

Available on Csir Special Report Elek
189, From National Electrical
Engineering Research Institute, P.O.

Neeri Internal Report No. Ek/9/82,
National Electrical Engineering Research
Institute, P.O. Box 395, Pretoria, 0001

leee Trans. on Power Apparatus and
Systems, Pas-97, 725-733

J. Geophys. Res., 98, 22,887-22,902

Gen. Elec. Rev., 35, 644-648

leee Trans. Electromag. Comp., 40,

444-451

Elektro-Technische Zeitschrift Etz-A,
103, 61-65

33



Garbagnati, E. & Lo Piparo, G.B.

Garbagnati, E. & Lo Piparo, G.B.

Garbagnati, E., E. Giudice & G.B.
Lo Piparo

Garbagnati, E., Guidice, E., Lo
Piparo, G.B. & Magagnoli, U.

Garbagnati, E., Marinoni, F. & Lo
Piparo, G.B.

Gavric, M.R.

Gavric, M.R.

Ghosh, D. & Khastgir, S.R.

Gilchrist, J.H. & Thomas, J.B.

Glendenhuys, H.J., AJ. Erikson,
G.W. Bourn

Goto, Y. & K. Narita

Griscomb, S.B., R.W. Caswell,
R.E. Graham, H.R. Mcnutt, R.H.
Schlomann & J.K. Thornton

Gross,|.W. & J.H. Cox

Guerrieri, S., C.A. Nucci, F.

Rachidi, M. Rubinstein

Hagenguth, J.H. & J.G. Anderson

Heidler, F.

Heidler, F., Cvetic, J.M., and
Stanic, B.V.

Herodotou, N., W.A. Chisholm, W.

Janischewskyj

Hussein, A.M., W. Janischewskyj,
J.-S. Chang, V. Shostak, W.A.

1970

1973

1978

1975

1981

2001

2002

1972

1975

1989

1992

1965

1931

1998

1952

1996

1999

1993

1995

Stazione Sperimentale Per Il Rilievo Delle
Caratteristiche Dei Fulmini

Nuova Stazione Automatica Per Il Rilievo
Delle Caratteristiche Dei Fulmini

Messung Von Blitzstromen in Italien -
Ergebnisse Einer Statistischen Auswertung

Rilievi Dell Caratteristcihe Dei Fulmini in
Italia. Risultati Ottenuti Negli and Anni 1970-
1973

Parameters of Lightning Currents. Interpretation
of the Results Obtained in Italy

Minimisation Methods For Lightning Stroke
Current Digital Acquisition

Iteratvie Method For Waveshape Restoration of
Directly Measured Lightning Flash Currents

Time-Variation of the Return Stroke Current in
the Cloud-To-Ground Lightning Discharges

A Model For Current Pulses of Cloud-To-
Ground Lightning Discharges

Fifteen Years' Data of Lightning Current
Measurements on A 60 M Mast

Observations of Winter Lightning To An
Isolate Tower

Five-Year Field Investigation of Lightning
Effects on Transmission Lines

Lightning Investigation on the Applachian
Electric Power Company's Transmission
System

on the Influence of Elevated Strike Objects on
Directly Measured and Indirectly Estimated
Lightning Currents

Lightning To the Empire State Building, Pt.
111

Coordination of Surge Protective Devices Using
the Current Data From Lightning Field
Measurements

Calculation of Lightning Current Parameters

Distribution of Lightning Peak Stroke Currents
in Ontario Using An LIp System

Simultaneous Measurement of Lightning
Parameters For Strokes To the Toronto

L'elettrotechnica, 57, 288-297

L'energia Elettrica, 6, 375-383

Elektrotechnische Zeitschrift Etz-A, 99,

664-668

L'elettrotechnica, 62, 237-249

Xvi Iclp - Szeged - 16-20/Vi

Proc.-Sci. Meas. Technol., 148, 6, 263-

7

Proc.-Gener. Transm. Distrib., 149,
1,66-70

Indian J. Pure and Applied Physics, 10,

556-557

J. Franklin Inst., 229, 199-210

Trans. Sa Inst. Elec. Eng., 98-103

Res. Lett. Atmos. Electr., 12, 57-60

Trans.leee (Pas)84, 257-280

Trans. Aiee, 50, 1118-1131

leee Trans. Pow. Del., 13, 1543-1555

Aiee Trans. 71 (Pt. 3), 641-649

Etep, 6, 441-444

leee Trans. Pow. Del., 14, 399-404

leee Trans. Pow. Del., 8, 1331-1339

J. Geophys. Res., 100, 8853-8861

34



Chisholm, P. Dzurevych, and Z.-I.

Hylten-Cavallius, N. & A. Stromberg

Hylten-Cavallius, N. & A. Stromberg

Ishikura, K., Negishi, M. &
Kitagawa, N.

Ju-feng, W., Chong, Q., Xiao-bing,
L., Yi-ying, C., Li-li, F., Yan-lei,
W.

Krider, E.P., C. Leteinturier, J.C.
Willett

Lee, L.D., C.B. Finelli, M.E.
Thomas & F.L. Pitts

Lee, S.C., Lim, K.K., Meiappa, M.
& Liew, A.C.

Leteinturier, C., C. Weidman, J.
Hamelin

Leteinturier, C., J. Hamelin

Leteinturier, C., J.H. Hamelin & A.

Eybert-Berard

Lewis, W.W. & C.M. Foust

Liatos, P., and A.M. Hussein

Liaw, Y.P., D.R. Cook, and D.L.

Sisterson

Lyons, W.A., Uliasz, M., and
Nelson, T.E.

Mccann, D.G.

Mceachron, K.B.

Mceachron, K.B.

Mceachron, K.B.

Miyake, K., T. Suzuki, K. Shinjou

1956

1959

1981

2007

1996

1984

1979

1990

1990

1991

1945

2005

1996

1998

1944

1939

1940

1941

1992

Canadian National Tower

the Amplitude, Time To Half-Value, and the
Steepness of the Lightning Currents

Field Measurement of Lightning Currents

on the Distribution and Variation
Characteristics of Lightning Currents in the
Ground Around the Strike Points (4th Report)

Use of magnetic links to measure th emaximum
rate-or-rise of lightning currents

Submicrosecond Fields Radiated During the
Onset of First Return Strokes in Cloud-To-
Ground Lightning

1980 To 1982 Statistical Analysis of Direct-
Strike Lightning Data

Determination of Lightning Current Using
Frame Aerials

Current and Electric Field Derivatives in
Triggered Lightning Return Strokes

Rayonnement Electromagnetique Des Decharges
Orageuses. Analyse Submicroseconde

Submicrosecond Characteristics of Lightning
Return-Stroke Currents

Lightning Investigation on Transmission
Lines, Pt. 7

Characterization of 100-kHz noise in the
lightning current derivative signals measured at
the CN tower

Estimation of Lightning Stroke Peak Current
As A Function of Peak Electric Field and the
Normalized Amplitude of Signal Strength:

Large Peak Current Cloud-To-Ground
Lightning Flashes During the Summer Months
in the Contiguous United States

the Measurement of Lightning Currents in
Direct Strokes

Lightning To the Empire State Building

Wave Shapes of Successive Lightning Current
Peaks

Lightning To the Empire State Building

Characteristics of Winter Lightning Current on

Asea J., 29, 129-134

Elteknik, 2, 109-113

Res. Lett Atmos. Elec., 1, 113-118

IEEE Trans. Power Delivery, Vol. 22,
No. 4, pp. 2445-9.
DOI:10.1109/TPWRD.2007.905348

J. Geophys. Res., 101, 1589-1597

Nasa Technical Memorandum 2252,
Langley Research Center, Hampton, Va,
Jan.

leee Trans. on Power Apparatus and
Systems, Pas-98, 1669-1675

J. Geophys. Res., 95, 811-828

Revue Phys. Appl, 25, 139-146

leee Trans. Electrom. Comp., 33, 351-
357

Trans. Aiee, 64, 107-115
Trans. on Electromag. Comp., 47, 4, p.

986-97

J. Atmosph. Oceanic Tech., 13, 769-

773

Mon. Weather Rev., 126, 2217-2223

Trans. Aiee, 63, 1157-1164

J. Franklin Inst., 227, 149-217

Electrical World, 56, 428-431

Trans. Aiee, 60, 885-889

leee Trans. Pow. Del.7, No. 3, 1450-

35



Montandon, E.

Mousa, A.M., K.D. Srivastava

Nakahori, K., T. Egawa & H.
Mitani

Orville, R.E.

Orville, R.E.

Orville, R.E., and Huffines, G.R.

Pao, H.-Y., and Wait, J.R.

Pavanello, D., Rachidi, F., Rakov,
V.A., Nucci, C.A., Bermudez, J.L.

Petersen, W.A., and S.A. Rutledge

Petterson, B.J. & W.R. Wood

Pinto Jr., O., K.P. Naccarato,
I.R.C.A. Pinto, W.A. Fernandes,
and O. Pinto Neto

Pinto, O. Jr., .R.C.A. Pinto, M.
Lacerda, A.M. Carvalho, J.H. Diniz,
and L.C.L. Cherchiglia

Pitts, F.L.

Pitts, F.L. & Thomas, M.E.

Pitts, F.L. & Thomas, M.E.

Planning Research Corp., Jfk Space

Center

Pockels, F.

Pockels, F.

1995

1989

1982

1990

1991

1999

2000

11/200

6

1992

1968

2006

1997

1982

1981

1982

1982

1897

1898

Japan Sea Coast

Messung Und Ortung Von Blitzeinschlagen
Und lhren Auswirkungen Am Fernmeldeturm
"St. Chrischona" Bei Basel Der

the Implications of the Electrogeometric Model
Regarding Effect of Height of Structure on the
Median Amplitude of Collected Lightning

Characteristics of Winter Lightning Currents in
Hokuriku District

Peak-Current Variations of Lightning Return
Strokes As A Function of Latitude

Calibration of A Magnetic Direction Finding
Network Using Measured Triggered Lightning
Return Stroke Peak Currents

Annual Summary - Lightning Ground Flash
Measurements Over the Contiguous United
States: 1995-97

Electromagnetic Induction and Surface
Impedance in A Half-Space From An Overhead
Moving Current System

Return stroke current profiles and
electromagnetic fields associated with lightning
strikes to tall towers: Comparison of

Some Characteristics of Cloud-To-Ground
Lightning in Tropical Northern Australia

Measurements of Lightning Strikes To Aircraft

Monthly distribution of cloud-to-ground
lightning flashes as observed by lightning
location systems

Are Equatorial Negative Lightning Flashes
More Intense Than Those At Higher Latitudes?

Electromagnetic Measurements of Lightning
Strikes To Aircraft

1980 Direct Strike Lightning Data

1981 Direct Strike Lightning Data

Historical Log of Lightning Strikes At
Nasa/Ksc Launch Areas May To October 1981

Uber Das Magnetische Verhalten Einiger
Basaltischer Gesteine

Bestimmung Maximaler Entladungs-Strom-
Starken Aus Iher Magnetisirenden Wirkung

1456

Elektrotechnik Und Informationstechnik,

112 Jg., H. 6, 283-289

leee Trans. Power Del., 4, No. 2, April,
1450-1460

leee Transactions on Power Apparatus &

Systems, Pas-101, 4407-4412,
November

Nature, 343, 11 January, 149-151

J. Geophys. Res., 96, 17,135-17,142

Mon. Wea. Rev.127, 2693-2703

leee Trans. Antenn. and Propag., 48, 9,
1301-5

Journal of Electrostatics

J. Geophys. Res., 97, 11,553-11,560

Report No. Sc-M-67-549,To Dept. of
Transportation, Federal Aviation
Administration, Sandia Labs.,

Geophys. Res. Lett., 33, L09811, doi:
10.1029/2006GL026081

J. Atmos. & Solar-Terr. Phys., 59,
1881-1883

J. Aircraft, L9, 246-250

Nasa Technical Memorandum 81946,
Langley Research Center, Hampton,
Va., February

Nasa Technical Memorandum 83273,
Langley Research Center, Hampton,
Va., March

Prepared By Planning Research Corp.,
Systems Services Co. For Design
Engineering, John F. Kennedy Space

Ann. Physik Chem., 63, 195-201

Ann. Physik Chem., 65, 458-475

36



Pockels, F.

Popolansky, F.

Popov, M., S. He, R. Thottappillil

Qie, X., Zhang, Q., Zhou, Y., Feng,
G., Zhang., T., Yang, J., Kong, X,

Ziao, Q., Wu., S.

Rachidi, F., V.A. Rakov, C.A.
Nucci, and J.L. Bermudez

Rakov, V.A., R. Thottappillil &
M.A. Uman

Rubinstein, M., F. Rachidi, M.A.
Uman, R. Thottappillil, V.A.
Rakov, and C.A. Nucci

Rustan, Jr., P.L.
Sargent, M.A.

Savadamuthu, U., K. Udayakumar,

V. Jayashankar

Schulz, W., K. Cummins, G.

Diendorfer, and M. Dorninger

Smeloff, N.N. & A.L. Price

Sporn, P. & W.L. Lloyd, Jr.

Sporn, P. & W.L. Lloyd, Jr.

Steiger, S.M., R.E. Orville, G.

Huffines

Szpor, S.

Szpor, S.

Takami, J., and S. Okabe

Takami, J., and S. Okabe

1900

1972

2000

2007

2002

1992

1995

1986
1972

2002

2005

1930

1930

1931

2002

1969

1971

2007

2007

Uber Die Blitzentladungen Erreichte Stromstarke Physic. Z., 2, 306-307

Frequency Distribution of Amplitudes of
Lightning Currents

Reconstruction of Lightning Currents and
Return Stroke Model Parameters Using Remote
Electromagnetic Fields

Artificially triggered lightning and its

characteristic discharge parameters in two severe

thunderstorms

Effect of Veritcally Extended Strike Object on
the Distribution of Current Along the Lightning
Channel

on the Empirical Formula of Willett Et Al.
Relating Lightning Return-Stroke Peak Current
and Peak Electric Field

Characterization of Vertical Electric Fields 500
M and 30 M From Triggered Lightning

the Lightning Threat To Aerospace Vehicles

the Frequency Distribution of Current
Magnitudes of Lightning Strokes To Tall
Structures

Modified Disruptive Effect Method As A
Measure of Insulation Strength For Non-
Standard Lightning Waveforms

Cloud-to-Ground Lightning in Austria: A 10-
year Study Using Data from a Lightning
Location System

Lightning Investigation on 220-Kv System of
the Pennsylvania Power and Light Company
(1928 and 1929)

Lightning Investigation on 132-Kv System of
the Ohio Power Company

Lightning Investigations on the Transmission
System of the American Gas and Electric
Company

Cloud-Ground Lightning Characteristics Over
Houston, Texas: 1989-2000

Comparison of Polish Versus American
Lightning Records

Courbes Internationales Des Courants De Foudre

Characteristics of direct lightning strokes to
phase conductors of UHV transmission lines

Observational results of lightning current on
transmission towers

Electra, 22, 139-147

J. Geophys. Res., 105, D19, 24,469-
24,481

Sci China Ser D-Earth Sci, August
2007, vol. 50, no.8, 1241-1250

J. Geophys. Res., 107, D23, 4699, Doi:

10.1029/2001jd002119

J. Geophys. Res., 97, 11,527-11,533

J. Geophys. Res., 100, 8863-8872

Aiaa J. Aircraft, 23, 62-67

leee Trans. on Power Apparatus and

Systems, Pas-91, 2224-2229

Trans. Pow. Del., 17, 2, 510-5

J. Geophys. Res., 110, D09101,

doi:10.1029/2004JD005332

J. Aiee, 49, 771-775

J. Aiee, 49, 259-262

Trans. Aiee, 49, 1111-1117

J. Geophys. Res., 107, 2-1 - 2-13

leee Trans. on Power Apparatus and

Systems, Pas-88, 646-652

Acta Geophysica Polonica, 19, 365-369

Trans. on Pow. Del., 22, 1, p. 537-46

Trans. on Pow. Del., 22, 1, p. 547-56

37



Thomas, M.E.

Thomas, M.E. & H.E. Carney

Thomas, M.E. & Pitts, F.L.

Tominaga, T., N. Kuwabara, J.
Kato, A. Ramli, A. Halim, H. Ahmad

Udo, T.

Udo,T

Uman, M.A.

Uman, M.A., Mclain, D.K., Fisher,
R.J. & Krider, E.P.

Uman, M.A., Rakov, V.A.,
Schnetzer, G.H., Rambo, K.J.,
Crawford, D.E., and Fisher, R.J.

Visacro, S.

Visacro, S., A. Soares, M.A.O.
Schroeder, L.C.L. Cherchiglia,
V.J.D. Sousa

Wang, D., Takagi, N., Watanabe,
T., Rakov, V.A., Uman, M.A,,
Rambo, K.J., Stapleton, M.V.

Weidman, C., J. Hamelin, C.
Leteinturier & L. Nicot

Weidman, C.D. & E.P. Krider

Weidman, C.D. & E.P. Krider

Weidman, C.D. & Krider, E.P.

Weidman, C.D. & Krider, E.P.

Wiesinger, J.

Willett, J.C., V.P. Idone, R.E.
Orville, C. Leteinturier, A. Eybert-
Berard, L. Barret & E.P. Krider

1985

1986

1983

2003

1993

1998

1979

1973

2000

2004

2004

2005

1986

1982

1984

1978

1980

1995

1988

1983 Direct Strike Lightning Data

1984 Direct Strike Lightning Data

1982 Direct Strike Lightning Data

Characteristics of Lightning Surges Induced in
Telecommunication Center in Tropical Area

Estimation of Lightning Current Wave Front
Duration By the Lightning Performance of
Japanese Ehv Transmission Lines

Contents of Large Current Flashes Among All
the Lightnings Measured on Transmission Lines

Discussion of 'Determination of Lightning
Currents Using Frame Aerials,' S.C. Lee, K.K.
Lim, M. Meiappa, and A.C. Liew

Currents in Florida Lightning Return Strokes

Time Derivative of the Electric Field 10, 14,
and 30 M From Triggered Lightning Strokes

A representative curve for lightning current
waveshape of first negative stroke

Statistical Analysis of Lightning Current
Parameters: Measurements At Morro Do
Cachimbo Station

A Comparison of Channel-Base Currents and
Optical Signals for Rocket-Triggered Ligtning
Strokes

Correlated Current Derivative (Di/Dt) and
Electric Field-Derivative (De/Dt) Emitted By
Triggered Lightning

Correction

Variations A L'echelle Submicroseconde Des
Champs Electromagnetiques Rayonnes Par La
Foudre

the Fine Structure of Lightning Return Stroke
Wave Forms

Sumicrosecond Risetimes in Lightning Return-
Stroke Fields

Blitzmessung Und Blitzsimulation

An Experimental Test of the "Transmission-
Line Model" of Electromagnetic Radiation
From Triggered Lightning Return Strokes

Nasa Technical Memorandum 86426,
Langley Research Center, Hampton, Va,
Aug.

Nasa Technical Memorandum 87690,
Langley Research Center, Hampton, Va,
March

Nasa Technical Memorandum 84626,
Mar.

leee Trans. Electromag. Compat, 45,
82-91

leee Trans. Pow. Del., 8, 660-671

leee Trans. Pow. Del., 13, 1432-1436

leee Transactions on Pas, Pas-98, 1675

J. Geophys. Res., 78, 3530-3537

J. Geophys. Res., 105, D12, 15,577-
15,595

Geophys. Res. Lett., 31

J. Geophys. Res., 109, 1-11

Atmos. Res., 76 (2005), 412-22

Paper Presented Orally At the LIth
International Aerospace and Ground
Conference on Lightning and Static

J. Geophys. Res., 87:7351

Ann. Telecommun., 39, 165-174, N. 5-
6

J. Geophys. Res., 83, 6239-6247, 1978

Geophys. Res. Lett., 7, 955-958, 1980.

Elektrotechnik Und Informationstechnik,
112 Jg., H. 6, 273-279

J. Geophys. Res., 93, No.D4, 3867-
3878



Zaepfel, K.P., B.D. Fisher & M.S.
Ott

1985

Direct Strike Lightning Photographs, Swept-
Flash Attachment Patterns, and Flight
Conditions For Storm Hazards '82

Nasa Technical Memorandum 86347,
Langley Research Center, Hampton, Va,
Feb.

39



Appendix 2: Continuing Current

AUTHORS
Aleksandrov, N.L., E.M. Bazelyan,
M.N. Shneider

Ballarotti, M.G., M.M.F. Saba, and
O. Pinto Jr.

Ballatori, M.G., M.M.F. Saba, and
O. Pinto Jr.

Brook, M. & B. Vonnegut

Brook, M., N. Kitagawa & E.J.
Workman

Burke, C.P., and D.L. Jones

Campos, L.Z.S., Saba, M.M.F.,
Pinto Jr., O., Ballarotti, M.G.

Cummer, S.A., M. Fullekrug

Dubovoy, E.l., M.S. Mikhailov,
A.L. Ogonkov, and V.I. Pryazhinsky

Fisher, F. A. & J.A. Plumer

Fisher, R.J., G.H. Schnetzer, R.
Thottappillil, V.A. Rakov, M.A.
Uman, and J.D. Goldberg

Frey, H.U., S.B. Mende, S.A.
Cummer, A.B. Chen, R.-R. Hsu,
H.-T. Su, Y.-S. Chang, T. Adachi,

Fullekrug, M., M. Ignaccolo, and A.
Kuvshinov

Fuquay, D.M., R.G. Baughman,
A.R. Taylor & R.G. Hawe

Fuquay, D.M., R.G. Baughman,
A.R. Taylor & R.G. Hawe

Fuquay, D.M., Taylor, A.R., Hawe,
R.G. & Schmidt, C.W., Jr.

PUB

2000

2005

2005

1960

1962

1996

2007

2001

1995

1977

1993

2005

2006

1967

1968

1972

TITLE

Effect of Continuous Current During Pauses
Between Successive Strokes on the Decay of the
Lightning Channel

High-seed camera observations of negative
ground flashes on a millisecond-scale

High-speed camera observations of negative
ground flashes on a millisecond-scale

Visual Confirmation of the Junction Processes
in Lightning Discharges

Quantitive Study of Strokes and Continuing
Currents in Lightning Discharges To Ground

on the Polarity and Continuing Currents in
Unusually Large Lightning Flashes Deduced
From EIf Events

Waveshapes of continuing currents and
properties of M-components in natural negative
cloud-to-ground lightning from high-speed

Unusually Intense Continuing Current in
Lightning Produces Delayed Mesospheric
Breakdown

Measurement and Numerical Modeling of Radio
Sounding Reflection From A Lightning
Channel

Lightning Protection of Aircraft

Parameters of Triggered-Lightning Flashes in
Florida and Alabama

Beta-type stepped leader of elve-producing
lightning

Startospheric Joule heating by lightning
continuing current inferred from radio remote
sensing

Characteristics of Seven Lightning Discharges
That Caused Forest Fires

Characteristics of Seven Lightning Discharges
That Caused Forest Fires

Lightning Discharges That Have Caused Forest
Fires

JOURNAL

Plasma Phys. Rep., 26, 10, 893-901

Geophys. Res. Lett., Vol. 32,
123802,
doi:10.1029/2005GL 023889

Geophys. Res. Lett., 32, L23802,
doi: 10.1029/2005GL023889

J. Geophys. Res., 65, 1302-1303

J. Geophys. Res., 67, 649-659

J. Atmosph. Terrest. Phys., 58, 531-
540

Atmos. Res., 84, 302-310,
doi:10.1026/j.atmosres.2006.09.002

Geophys. Res. Lett., 28, 3, 495-498

J. Geophys. Res., 100, 1497-1502

Nasa References Publication 1008,
Nasa Lewis Research Center, October

J. Geophys. Res., 98, 22,887-22,902

Geophys. Res. Lett., 32, L13824,
doi: 10.1029/2005GL023080

Radio Sci., 41, RS2S19,
doi:10.1029/ 2006RS003472

J. Geophys. Res., 72, 6371-6373

J. Geophys. Res., 73, 1897-1906

J. Geophys. Res., 77, 2156-2158

40



Godlonton, R.

Hagenguth, J.H. & J.G. Anderson

Kitagawa, N.

Kitagawa, N. & M. Brook

Kitagawa, N., Brook & E.J.
Workman

Kitagawa, N., M. Brook & E.J.
Workman

Krehbiel, P.R., Brook, M. &
Mccrory, R.

Larsson, A., P. Lalande, A.
Bondiou-Clergerie, and A. Delannoy

Latham, D.J.

Lin, Y.T., Uman, M.A. & Standler,
R.B.

Livingston, J.M. & Krider, E.P.

Malan, D.J.

Malan, D.J.

Malan, D.J.

Malan, D.J. & B.F.J. Schonland

Mazur, V., P.R. Krehbiel, and X-M

Shao

Pierce, E.T.

1896

1952

1957

1960

1960

1962

1979

2000

1980

1980

1978

1954

1955

1956

1947

1995

1955a.

A Remarkable Discharge of Lightning

Lightning To the Empire State Building, Pt.
111

on the Mechanism of Cloud Flash and Junction
Or Final Process in Flash To Ground

A Comparison of Intracloud and Cloud-To-
Ground Lightning Discharges

the Role of Continuous Discharges in Cloud-
To-Ground Lightning

Continuing Currents in Cloud-To-Ground
Lightning Discharges

An Analysis of the Charge Structure of
Lightning Discharges To the Ground

the Lightning Swept Stroke Along An Aircraft
in Flight. Part I: Thermodynamic and Electric
Properties of Lightning Arc Channels

A Channel Model For Long Arcs in Air

Lightning Return Stroke Models

Electric Fields Produced By Florida
Thunderstorms

Les Descharges Orageuses Intermittentest Et
Continu De La Colonne De Charge Negative

La Distribution Verticale De La Charge
Negative Orageuse

the Relation Between the Number of Strokes,
Stroke Interval, and the Total Durations of
Lightning Discharges

Progressive Lightning, Pt. 7, Directly
Correlated Photographic and Electrical Studies
of Lightning From Near Thunderstorms

Correlated High-Speed Video and Radio
Interferometric Observations of A Cloud-To-
Ground Lightning Flash

Electrostatic Field Changes Due To Lightning
Discharges

Nature, 53, 272

Aiee Trans. 71 (Pt. 3), 641-649

Papers Meteorol. Geophys. (Tokyo),

7,415-424

J. Geophys. Res., 65, 1189-1201

J. Geophys. Res., 65, 1965

J. Geophys. Res., 67, 637-647

J. Geophys. Res., 84, 2432-2456

J. Phys. D: Appl. Phys., 33, 1866-75

Phys. Fluids, 23, 1710-1715

J. Geophys. Res., 85, 1571-1583

J. Geophys. Res., 83, 385-401

Ann. Geophys., 10, 271-281

Annales De Geophys., 11, 420-426

Pure Appl. Geophys., 34, 224-230
Proc. Roy. Soc. (London), A191,
485-503

J. Geophys. Res., 100, 25,731-25,753

Quart. J. Roy. Meteorol. Soc., 81,
211-228

41



Pierce, E.T.

Pierce, E.T. & T.W. Wormell

Rakov, V.A. & M.A. Uman

Rakov, V.A. & M.A. Uman

Rakov, V.A., M.A. Uman, and R.
Thottappillil

Rao, M.

Rao, M. & H. Bhattacharya

Reising, S.C., Inan, U.S., and Bell,
T.F.

Reising, S.C., U.S. Inan, and T.F.
Bell

Rust, W.D., D.R. Macgorman &
W.L. Taylor

Saba, M.M., M.G. Ballarotti, and
O. Pinto Jr.

Saba, M.M.F., O. Pinto Jr., and
M.G. Ballarotti

Saba, M.M.F., Pinto Jr., O.,
Ballarotti, M.G.

Schonland, B.F.J.

Shalimov, S., Bosinger, T.

Shindo, T. & M.A. Uman

Takeuti, T.

1958.

1953

1990

1991

1994

1967

1966

1999

1996

1985

2006

2006

2006

1956

2008

1989

1966

Some Topics in Atmospheric Electricity

Field Changes Due To Lightning Discharges,
in Thunderstorm Electricity

Long Continuing Current in Negative
Lightning Ground Flashes

Long Continuing Currents in Negative Cloud-
To-Ground Lightning Flashes: Occurrence
Statistics and Hypothetical Mechanism

Review of Lightning Properties From Electric
Field and Tv Observations

Corona Currents After the Return Stroke and
the Emission of EIf Waves in A Lightning
Flash To Earth

Lateral Corona Currents From the Return
Stroke Channel and Slow Field Change After
the Return Stroke in A Lightning Discharge

EIf Sferic Energy As A Proxy Indicator For
Sprite Occurrence

Evidence For Continuing Current in Sprite-
Producing Cloud-To-Ground Lightning

Photographic Verification of Continuing
Current in Positive Cloud-To-Ground Flashes

Negative cloud-to-ground lightning properties
from high-speed video observations

Relation between lightning return stroke peak
current and following continuing current

Relation between lightning return stroke peak
current and following continuing current

the Lightning Discharge

On distant excitation of the ionoshperic Alfven
resonator py positive cloud-to-ground lightning
discharges

Continuing Current in Negative Cloud-To-
Ground Lightning

Studies on Thunderstorm Electricity, Ii,
Ground Discharge

in Recent Advances in Atmospheric
Electricity, Edited By L.G. Smith,
Pp. 5-16, Pergamon, New York
Edited By H.R. Byers, Pp. 251-266,
University of Chicago Press,
Chicago, Il.

J. Geophys. Res., 95, 5455-5470

Proc. Ussr Academy of Sciences (in
Russian) (lzvestiya An Sssr, Ser
Fizika Atmosferi | Okeana) 27, No.

J. Geophys. Res., 90, 10,745-10,750

Radio Sci., 2, 241-244 (Correction
2,1394, 1967)

J. Geophys. Res., 71, 2811-2814

Geophys. Res. Lett., 26, 987-990

Geophys. Res. Letts., 23, 3639-3642

J. Geophys. Res., 90, 6144-6146

J. Geophys. Res., 111, D03101, doi:
10.1029/2005JD006415

Geophys. Res. Lett., 33, L23807,
doi: 10.1029/2006GL027455

Geophys. Res. Lett., 33, L23807,
doi:10.1029/2006GL 027455

Handbuch Der Physik, 22, 576-628,
Springer-Verlag, Berlin

J. Geohpys. Res., 113, A02303,
doi:10.1029/2007JA012614

J. Geophys. Res., 94, No. D4, April
20, 5189-5198

J. Geomagn. Geoelec., 18, 13-22

42



Thomson, E.M.

Thottappillil, R., J.D. Goldberg,

V.A. Rakov, and M.A. Uman

Valine, W.C., E.P. Krider

Wagner, C.F. & A.R. Hileman

Williams, D.P. & M. Brook

Williams, D.P. & M. Brook

Yashunin, S.A., Mareev, E.A.,
Rakov, V.A.

1980

1995

2002

1961

1962

1963

2007

Characteristics of Port Moresby Ground Flashes

Properties of M Components From Currents
Measured At Triggered Lightning Channel
Base

Statistics and Characteristics of Cloud-To-
Ground Lightning With Multiple Ground
Contacts

the Lightning Stroke

Fluxgate Magnetometer Measurements of
Continuous Currents in Lightning

Magnetic Measurement of Thunderstorm
Currents, 1. Continuing Currents in Lightning

Avre lightning M components capable of
initiating sprites and sprite halos?

J. Geophys., Res., 85, 1027-1036

J. Geophys. Res., 100, 25,711-25,720

J. Geophys. Res. , 107, 8-1 - 8-11

(2) Aiee Trans. 80, Pt. 3, 622-642

J. Geophys. Res., 67, 1662

J. Geophys. Res., 68, 3243-3247

J. Geophys. Res., Vol. 112,
D10109, DOI:10.1029/2006JD007631

43



Appendix 3: Positive Lightning

AUTHORS PUB
Adachi, T., H. Fukunishi, Y. 2005
Takahashi, M. Sato, A. Ohkubo,

and K. Yamamoto

Akiyama, H. K. Ichino & K. Horii 1985
Altaraz, O., Z. Levin, Y. Yair, B. Ziv 2003
Anderson, F.J. & Freier, G.D. 1974
Baral, K.N. & D. Mackerras 1992
Baral, K.N., and D. Mackerras 1993
Beasley, W.H. 1985
Beasley, W.H., Uman, M.A., 1983
Jordan, D.M. & Ganesh, C.

Berger, K. 1967
Berger, K. 1972
Berger, K. 1973
Berger, K. 1977
Berger, K. 1978
Berger, K. & E. VVogelsanger 1965
Berger, K. & E. VVogelsanger 1966

TITLE

Characteristics of thunderstorm systems
producing winter sprites in Japan

Channel Reconstruction of Triggered Lightning
Flashes With Bipolar Current From Thunder
Measurements

Lightning Activity Over Land and Sea on the
Eastern Coast of the Mediterranean

Relative Amounts of Positive and Negative
Charge in Lightning Flashes

the Cloud Flash-To-Ground Flash Ratio and
Other Lightning Occurrence Characteristics in
Kathmandu Thunderstorms

Positive Cloud-To-Ground Lightning
Discharges in Kathmandu Thunderstorms

Positive Cloud-To-Ground Lightning
Observations

Positive Cloud To Ground Lightning Return
Strokes

Novel Observations on Lightning Discharges:
Results of Research on Mount San Salvatore

Methoden Und Resultate Der Blitzforschung
Auf Dem Monte San Salvatore Bei Lugano in
Den Jahren 1963-1971

Oszillographische Messungen Des Feldverlaufs
in Der Nahe Des Blitzeinchlags Auf Dem
Monte San Salvatore

the Earth Flash in Lightning

Blitzstrom-Parameter Von Aufwartsblitzen

Messungen Und Resultate Der Blitzforschung
Der Jahre 1955-1963 Auf Dem Monte San
Salvatore

Photographische Blitzuntersuchunger Der Jahre
1955-1965 Auf Dem Monte San Salvatore

JOURNAL

J. Geophys. Res., Vol. 110, A03216,
doi:10.1029/2004JD005012

J. Geophys. Res., 90, 10,674-10,680

Am. Meteor Soc., 131,2060-2070

J. Geophys. Res., 79, 5057-5058

J. Geophys. Res., 97, 931-938

J. Geophys. Res., 98, 10,331-10,340

J. Geophys. Res., 90, 6131-6138

J. Geophys. Res., 88, 8475-8482

J. Franklin Inst., 283, 478-525

Bull. Schweiz. Elektrotech, Ver., 63,
1403-1422

Bull. Schweiz. Elektrotech. Ver., 64,
120-136

Vol. 1, Physics of Lightning, R.H.
Golde, Ed., Academic Press, N.Y., Pp.
119-190

Bull. Schweiz. Elektrotech. Ver.
69:353-360

Bull. Schweiz, Elektrotech. Ver. 56, 2-22

Bull, Schweiz, Elektrotech. Ver., 57,
599-620

44



Berger, K., Anderson, R.B. &
Kroninger, H.

Biswas, K.R. & P.V. Hobbs

Bluestein, H.B., Macgorman, D.R.

Boccippio, D.J., E.R. Williams,
S.J. Heckman, W.A. Lyons, |.T.
Baker, and R. Boldi

Boccippio, D.J., E.R. Williams,
S.J. Heckman, W.A. Lyons, |.T.
Baker, R. Boldi

Boccippio, D.J., K.L. Cummins,
H.J. Christian, S. J. Goodman

Branick, M.L., and C.A. Doswell lii

Brook, M., N. Kitagawa & E.J.
Workman

Brook, M., Nakano, M., Krehbiel,
P. & Takeuti, T.

Brook, M., P. Krehbiel, D.
Maclaughlin, T. Takeuti & M.
Nakano

Brook, M., R.W. Henderson &
R.B. Pyle

Bruce, C.E.R. & R.H. Golde

Burke, C.P., and D.L. Jones

Burrows, W.R., P. King, P.J.
Lewis, B. Kochtubajda, B. Snyder,
V. Turcotte

Carey L.D, Murphy M.J.,
McCormick T.L.

Carey, L.D., and S.A. Rutledge

1975

1990

1998

1995

1995

2000

1992

1962

1982

1983

1989

1941

1996

2002

2005

1998

Parameters of Lightning Flashes

Lightning Over the Gulf Stream

Evolution of Cloud-To-Ground Lightning
Characteristics and Storm Structure in the
Spearman, Texas, Tornadic Supercells of 31
May 1990

Sprites, EIf Transients, and Positive Ground
Strokes

Sprites, Extreme-Low-Frequency Transients,
and Positive Ground Strokes

Combined Satellite- and Surface-Based
Estimation of the Intracloud-Cloud-To-Ground
Lightning Ratio Over the Continental United
States

An Observation of the Relationship Between
Supercell Structure and Lightning Ground-
Strike Polarity

Quantitive Study of Strokes and Continuing
Currents in Lightning Discharges To Ground

The Electrical Structure of the Hokuriku Winter
Thunderstorms

Positive Ground Stroke Observations in
Japanese and Florida Storms

Positive Lightning Strokes To Ground

The Lightning Discharge

on the Polarity and Continuing Currents in
Unusually Large Lightning Flashes Deduced
From EIf Events

Lightning Occurrence Patterns Over Canada and
Adjacent United States From Lightning
Detection Network Observations

Lightning location relative to storm structure in
a leading-line, trailing-stratifrom mesoscale
convective system

Electrical and Multiparameter Radar
Observations of A Severe Hailstorm

Electra, 80, 23-37

Geophys. Res. Lett., 17, 941-943

Mon. Wea. Rev., 126, 1451-1467

Science, 269, 1088-1091

Science, Reports, Pp. 1-4

Monthly Wea. Rev., 129, 108-122

Weather and Forecasting, 7, 143-149

J. Geophys. Res., 67, 649-659

J. Geophys. Res., 87, 1207-1215

Proc. Atm. Elec., J. Latham and L.

Ruhnke, Eds., Deepak, Pp. 365-369

J. Geophys. Res., 94, No.D11, 13,295-
13,303, September 30

J. Inst. Elec. Eng. (London), 88, 487-520

J. Atmosph. Terrest. Phys., 58, 531-
540

Atmos.-Ocean, 40, 1, 59-81

Geophys. Res., 110, D03105,

10.1029/2003JD004371

J. Geophys. Res., 103, 13,979-14,000

45



Carey, I.D., S.A. Rutledge

Cooray, V.

Cooray, V.

Cooray, V.

Cooray, V.

Cooray, V. & Lundquist, S.

Cooray, V., and H. Perez

Cooray, V., M. Fernando, C.

Gomes, T. Sorensson

Cummer, S. A., W.A. Lyons

Cummer, S.A., M. Fullekrug

Curran, E. B. & W. D. Rust

Davis, S.M., D.M. Suszcynsky,
T.E.L. Light

Ely, B.L. and R.E. Orville

Engholm, C.D., E.R. Williams &
R.M. Dole

Farges, T., Blanc, E., Tanguy, M.

Feng, G., Qie, X., Yaun, T., Zhou,
Y.

2003

1984

1986

1986

2000

1982

1994

2004

2004

2001

1992

2002

2005

1990

2007

2006

Characteristics of cloud-to-ground lightning in
severe and nonsevere storms over the central
United States from 1989-1998

Further Characteristics of Positive Radiation
Fields From Lightning in Sweden

A Novel Method To Identify the Radiation
Fields Produced By Positive Return Strokes
and Their Submicrosecond Structure

Correction To "A Novel Method To ldentify
the Radiation Fields Produced By Positive
Return Strokes and Their Submicrosecond
Structure”

the Modeling of Positive Return Strokes in
Lightning Flashes

on the Characteristics of Some Radiation Fields
From Lightning and Their Possible Origin in
Positive Ground Flashes

Hf Radiation At 3 Mhz Associated With
Positive and Negative Return Strokes

the Fine Structure of Positive Lightning
Return-Stroke Radiation Fields

Lightning Charge Moment Changes in U.S.
High Plains Thunderstorms

Unusually Intense Continuing Current in
Lightning Produces Delayed Mesospheric
Breakdown

Positive Ground Flashes Produced By Low-
Precipitation Thunderstorms in Oklahoma on
26 April 1984

Forte Observations of Optical Emissions From
Lightning: Optical Properties and
Discrimination Capability

High percentage of positive lightning along the
USA west coast

Meteorological and Electrical Conditions
Associated With Positive Cloud-To-Ground
Lightning

Experimental evidence of D region heating by
lightning-induced electromagnetic pulses on
MF radio links

A case study of cloud-to-ground lightning
activities in hailstorms under cold eddy
synoptic situation

J. Geophys. Res., 108, 11-1 - 11-21

J. Geophys. Res., 89, No. D7, 11,807-

11,815

J. Geophys. Res., 91, 7907-7911

J. Geophys. Res., 91, 13,318

J. Atmos. Solar-Terr. Phys., 62, 169-187

J. Geophys. Res., 87, 11,203-11,214

J. Geophys. Res., 99, 10,633-10,640

leee Trans. Elect. Comp., 46, 87-94

Geophys. Res. Let., 31, L05114

Geophys. Res. Lett., 28, 3, 495-498

Mon. Weather Rev., 120, 544-553

J. Geophys. Res., 107, D21, 4579, Doi:
10.1029/2002jd002434

Geophys. Res. Lett., 32, L09815, doi:
10.1029/2005GL022782

Monthly Weather Review, 118, 470-487

J. Geophys. Res., 112, A10302,
DOI:10.1029/2007JA012285

Acta meteoroligcal sinica, vol. 20, no.
4, 489-299, 2006

46



Feng, G., Qie, X., Yuan, T., Nie, S.

Fofana, 1., Beh Rhouma, A.,
Beroual, A., and Auriol, Ph.

Fofana, 1., Beroual, A.

Frey, H.U., S.B. Mende, S.A.
Cummer, A.B. Chen, R.-R. Hsu,
H.-T. Su, Y.-S. Chang, T. Adachi,
H. Fukunishi, Y. Takahashi

Fullekrug, M., C. Price, Y. Yair,
E.R. Williams

Funaki, K., N. Kitagawa, M.
Nakano & T. Takeuti

Fuquay, D.M.

Ganot, M., Yair, Y., Price, C., Ziv,
B., Sherez, Y., Greenberg, E.

Gao, L., M. Akyuz, A. Larsson, V.
Cooray, and V. Scuka

Garbagnati, E., Giudice, E., Lo
Piparo, G.B.

Goto, Y. & K. Narita

Goto,Y. and K. Narita

Hagenguth, J.H. & J.G. Anderson

Haldoupis, C., Neubert, T., Inan,
U.S., Mika, A., Allin, T.H.,
Marshall, R.A.

Halliday, E.C.

2007

1998

1998

2005

2002

1981

1982

2007

2000

1978

1992

1995

1952

2004

1932

Lightning activity and precipitation structure of
hailstorms

Modelling A Positive Lightning Downward
Leader To Study Its Effects on Engineering
Systems

Induced Effects on An Overhead Line Due To
Nearby Positive Lightning Downward Leader

Beta-type stepped leader of elve-producing
lightning

Intense Oceanic Lightning

Multistation Measurements of Lightning
Discharges To Ground in Hokuriku Winter
Thunderstorms

Positive Cloud-To-Ground Lightning in

Summer Thunderstorms

First detection of transient luminous events
associated with winter thunderstroms in the
eastern Mediterranean

Measurement of the Positive Streamer Charge

Measurement of Lightning Currents in Italy -
Results of A Statistical Evaluation

Observations of Winter Lightning To An
Isolate Tower

Electrical Characteristics of Winter Lightning

Lightning To the Empire State Building, Pt.
111

Subionospheric early VLF siganl perturbations
observed in one-to-one association with sprites

the Polarity of Thunderclouds

Sci China Ser D-Earth Sci, April 2007,
vol. 50, no.4, 629-639

lee Proc: Generation, Transmission and
Distribution, 145, 395-403

Electric Power Systems Research, 48,
105-119

Geophys. Res. Lett., 32, L13824, doi:
10.1029/2005GL023080

Ann. Geophys., 20, 133-7

Res. Ltrs. on Atmos. Elec., 1, 19-26

J. Geophys. Res., 87, 7131-7140

Geophys. Res. Lett., Vol. 34, L12801,
doi:10.1029/2007GL 029258

J. Phys. D: Appl. Phys. 33, 1861-5

Elektrotechnische Zeitschrift Etz-A, 99,

664-668

Res. Lett. Atmos. Electr., 12, 57-60

J. Atmospher. Terrest., Phys., 57, 449-

459

Aiee Trans. 71 (Pt. 3), 641-649

J. Geophys. Res., 109

Proc. Roy. Soc. (London), A138, 205-
229

47



Heidler, F.

Hill, R.D.

Hohl, R., and H.-H. Schiesser

Hojo, J., M. Ishii, T. Kawamura, F.

Suzuki & R. Funayama

Hojo, J., M. Ishii, T. Kawamura, F.

Suzuki, H. Komuro & M.
Shiogama

Hojo, J., M. Ishii, T. Kawamura, F.

Suzuki, H. Komuro & M.
Shiogama

Holle, R.L. and A.l. Watson

Holle, R.L., R.E. Lopez, K.W.
Howard, K.L. Cummins, M.D.
Malone, and E.P. Krider

Holzworth, R.H., M.P. McCarthy,
J.N. Thomas, J. Chin, T.M.
Chinowsky, M.J. Taylor, and O.
Pinto Jr.

Hu, W., S.A. Cummer, W.A.
Lyons, T.E. Nelson

Hunter, S.M., T.J. Schuur, T.C.
Marshall & W.D. Rust

Hunter, S.M., Underwood, S.J.,

Holle, R.L., and Mote, T.L.

Huse, J. & K. Olsen

Idone, V.P. & R.E. Orville

Idone, V.P. & R.E. Orville

Idone, V.P., Orville, REE. &
Henderson, R.W.

1996

1988

2001

1985

1988

1989

1996

1997

2005

2002

1992

2001

1984

1982

1987

1984

Coordination of Surge Protective Devices Using
the Current Data From Lightning Field
Measurements

Interpretation of Bipole Pattern in A Mesoscale
Storm

Cloud-To-Ground Lighting Activity in
Relation To the Radar-Derived Hail Kinetic
Energy in Switzerland

the Fine Structure in the Field Change
Produced By Positive Ground Strokes

Characteristics and Evaluation of Lightning
Field Waveforms

Seasonal Variation of Cloud-To-Ground
Lightning Flash Characteristics in the Coastal
Avrea of the Sea of Japan

Lightning During Two Central U.S. Winter
Precipitation Events

An Isolated Winter Cloud-To-Ground
Lightning Flash Causing Damage and Injury in
Connecticut

Strong electric fields from positive lightning
strokes in the stratosphere

Lightning Charge Moment Changes For the
Initiation of Sprites

Electric and Kinematic Structure of the
Oklahoma Mesoscale Convective System of 7
June 1989

Winter Lightning and Heavy Frozen
Precipitation in the Southeast United States

Some Characteristics of Lightning Ground
Flashes Observed in Norway, in Lightning and
Power Systems, lee Conference Publication
Number 236

Lightning Return Stroke Velocities in the
Thunderstorm Research International Program
(Trip)

the Propagation Speed of A Positive Lightning
Return Stroke

Ground Truth: A Positive Cloud-To-Ground
Lightning Flash

Etep, 6, 441-444

Geophys. Res. Lett., 15, 643-644, July

Atmos. Res., 56, 375-396

J. Geophys. Res., 90, 6139-6143

Electrical Engineering in Japan, 108, 55-
65

J. Geophys. Res., 94, No.D11, 13,207-
13,212, September 30

Weather and Forecasting, 11, 600-614

Bull. Am. Meteorolog. Soc., 78, 437-
441

Geophys. Res. Lett., 32, L04809, doi:
10.1029/2004GL021554

Geophys. Res. Lett., 29, 8,
10,1029/200191014593, 4 P.

Mon. Weather Rev., 120, 2226-2239

Weather and Forecasting, 16, 478-90

Published By Institution of Electrical
Engineers, London and New York, Pp.
72-76

J. Geophys. Res., 87, 4903-4915

Geophys. Res. Lett., 14, No. 11, 1150-
1153

Journal of Climate and Appl. Meteorol.,
23,1148-1151

48



Ishii, M. & J.1. Hojo

Jensen, J.C.

Jensen, J.C.

Jerauld, J., M.A. Uman, V.A.
Rakov, K.J. Rambo, D.M. Jordan

Jordan, D.M. & Uman, M.A.

Kar., S.K,, Liou, Y.-A., Ha, K.-J.

Kawasaki, Z.-I., & V. Mazur

Kawasaki, Z-1, V. Mazur

Kawasaki, Z-1., M. Nakano, T.
Takeuti, M. Nagatani, H. Nakada,
Y. Mizuno & T. Nagai

Knupp, K.R., Geerts, B., and
Goodman, S.J.

Knupp, K.R., Geerts, B., and
Tuttle, J.D.

Kochtubajda, B., R.E. Stewart, J.R.
Gyakum, M.D. Flannigan

Krehbiel, P.R., Brook, M. &
Mccrory, R.

Lang, T., S.A. Rutledge

Lang, T.J. and S.A. Rutledge

1989

1932

1933

2004

1983

2007

1992

1992

1987

1998

1998

2002

1979

2002

2006

Statistics on Fine Structure of Cloud-To-
Ground Lightning Field Waveforms

the Relation of Branching of Lightning
Discharges To Changes in the Electrical Field
of Thunderstorms

the Branching of Lightning and the Polarity of
Thunderclouds

A triggered lightning flash containing both
negative and positive stokes

Variation in Light Intensity With Height and
Time From Subsequent Lightning Return
Strokes

Characteristics of cloud-to-ground lightning
activity aver Seoul, South Korea in relation to
an urban effect.

Common Physical Processes in Natural and
Triggered Lightning in Winter Storms in Japan

Common Physical Processses in Natural and
Triggered Lightning in Winter Storms in Japan

Fourier Spectra of Positive Lightning Fields
During Winter Thunderstorms

Analysis of A Small, Virogous Mesoscale
Convective System in A Low-Shear
Environment. Part |: Formation, Radar Echo
Structure, and Lightning Behavior

Analysis of A Small, Virorous Mesoscale
Convective System in A Low-Shear
Environment. Part li: Evolution of the
Stratiform Precipitation and Mesoscale Flows

Summer Convection and Lightning Over the
Mackenzie River Basin and Their Impacts
During 1994 and 1995

An Analysis of the Charge Structure of
Lightning Discharges To the Ground

Relationships Between Convective Storm
Kinematics, Precipitation, and Lightning

Cloud-to-ground lightning downwind fo the
2002 Hayman forest fire in Colorado

J. Geophys. Res., 94, No.D11, 13,267-

13,274, September 30

Phys. Rev., 40, 1012-1014

J. Franklin Inst., 216, 707-747

Geophys. Res. Lett., 31

J. Geophys. Res., 88, 6555-6562

Ann. Geophys., 25, 2113-2118, 2007

Res. Lett. Atmos. Electr., 12, 61-70

J. Geophys. Res., 97, 12,935-12,945

Res. Lett. Atmosp. Elect., 7, 29-34

Mon. Wea. Rev.

Mon. Wea. Rev., 126, 1837-1858

Atmos.-Ocean, 40, 2, 199-220

J. Geophys. Res., 84, 2432-2456

Mthl. Weather Rev., 130, 2492-2506

Geophys. Res. Lett., Vol. 33, L03804,
doi:10.1029/2005GL024608

49



Lang, T.J., Miller, L.J., Weisman,
M., Rutledge, S.A., Barker, L.J. I,
Bringi, V.N., Chandrasekar, V.,
Detwier, A., Doesken, N., Heldson,

Lang, T.J., S.A. Rudledge, K.C.
Wiens

Latham, D.

Levin, Z., Y. Yair, and B. Ziv

Lewis, W.W. & C.M. Foust

Lopez, R.E., M.W. Maier & R.L.
Holle

Lopez, R.E., R.L. Holle, A.l.
Watson, and Jon Skindlov

Lyons, W.A.

Lyons, W.A., Nelson, T.E.,
Williams, E.R., Cramer, J.A., and
Turner, T.R.

Lyons, W.A., T.E. Nelson, E.R>
Williams, S.A. Cummer, M.A.
Stanley

Lyons, W.A., Uliasz, M., and
Nelson, T.E.

Macgorman, D.R. & K.E. Nielsen

Macgorman, D.R. & W.L. Taylor

Macgorman, D.R., and C.D.

Morgenstern

Macgorman, D.R., and D.W. Burgess

2004

2004

1991

1996

1945

1991

1997

1996

1998

2003

1998

1991

1989

1998

1994

The severe thunderstorm electrification and
precipitation study

Origins of positive cloud-to-ground lightning
flashes in the stratisform region of a sesoscale
convective system

Lightning Flashes From A Prescribed Fire-
Induced Cloud

Positive Cloud-To-Ground Flashes and Wind
Shear in Tel-Aviv Thunderstorms

Lightning Investigation on Transmission
Lines, Pt. 7

Comparison of the Signal Strength of Positive
and Negative Cloud-To-Ground Lightning
Flashes in Northeastern Colorado

Notes and Correspondence: Spatial and
Temporal Distributions of Lightning Over
Arizona From A Power Utility Perspective

Sprite Observations Above the U.S. High
Plains in Relation To Their Parent
Thunderstorm Systems

Enhanced Positive Cloud-To-Ground Lightning
in Thunderstorms Ingesting Smoke From
Fires

Characteristics of Sprite-Producing Positive
Cloud-to-Ground Lightning during the 19 July
2000 STEPS Messcale Convective Systems

Large Peak Current Cloud-To-Ground
Lightning Flashes During the Summer Months
in the Contiguous United States

Cloud-To-Ground Lightning in A Tornadic
Storm on 8 May 1986

Positive Cloud-To-Ground Lightning Detection
By A Direction-Finder Network

Some Characteristics of Cloud-To-Ground
Lightning in Mesoscale Convective Systems

Positive Cloud-To-Ground Lightning in
Tornadic Storms and Hailstorms

American Meteoroligical Society, 1107-
1125

Geophys. Res. Lett., 31

J. Geophys. Res., 96, 17,151-17,157

Geophys. Res. Letts., 23, 2231-2234

Trans. Aiee, 64, 107-115

J. Geophys. Res., 96, 22,307-22,318

J. Applied Meteorology, 36, 825-831

J. Geophys. Res., 101, 29,641-29,652

Science, 282, 77-80

Amer. Meteo. Soc., 2417-2427

Mon. Weather Rev., 126, 2217-2223

Monthly Weather Review, 119, 1557-

1574

J. Geophys. Res., 94, No.D11, 13,313-
13,318, September 30

J. Geophys. Res., 103, 14,011-14,023

Monthly Weather Review, 122, 1671-
1697

50



Mach, D.M., and W.D. Rust

Mackerras, D.

Mackerras, D.

Mackerras, D., and M. Darveniza

Marshall, T.C.

Marshall, T.C. M. Stolzenburg, and
W.D. Rust

Marshall, T.C., M. Stolzenburg

Marshall, T.C., M. Stolzenburg,
W.D. Rust, E.R. Williams, R. Boldi

Matsumoto, O. Sakuma, K. Shinjo,
M. Saiki, T. Wakai, T. Sakai, H.
Motoyama, M. Ishii

Mazur, V.

Mazur, V., Shao, X.-M., and
Krehbiel, P.R.

Miyake, K., T. Suzuki, K. Shinjou

Mo, Q., J.H. Helsdon Jr., W.P.
Winn

Mohr, K.1., E.R. Toracinta, E.J.
Zipser, and R.E. Orville

Moore, P.K. & R.E. Orville

Motoyama, H., K. Shinjo, Y.
Matsumoto, N. Itamoto

1993

1968

1973

1994

2000

1996

2002

2001

1996

2000

1998

1992

2002

1996

1990

1998

Two-Dimensional Velocity, Optical Risetime,
and Peak Current Estimates For Natural
Positive Lightning Return Strokes

A Comparison of Discharge Processes in Cloud
and Ground Lightning Flashes

Photoelectric Observations of the Light Emitted
By Lightning Flashes

Latitudinal Variation of Lightning Occurrence
Characteristics

Comment on "Spider' Lightning in Intracloud
and Positive Cloud-To-Ground Flashes" By
Vladislav Mazur, Xuan-Min Shao, and Paul R.
Krehbiel

Electric Field Measurements Above Mesoscale
Convective Systems

Electrical Energy Constraints on Lightning

Positive Charge in the Stratiform Cloud of A
Mesoscale Convective System

Measurement of Lightning Surges on Test
Transmission Line Equipped With Arresters
Struck By Natural and Triggered Lightning

Reply

Spider Lightning in Intracloud and Positive
Cloud-To-Ground Flashes

Characteristics of Winter Lightning Current on
Japan Sea Coast

Aircraft Observations of the Creation of Lower
Positive Charges in Thunderstorms

A Comparison of Wsr-88d Reflectivities, Ssm/I
Brightness Temperatures, and Lightning For
Mesoscale Convective Systems in Texas. Part
1i:Ssm/I Brightness Temperatures and

Lightning Characteristics in Lake-Effect
Thunderstorms

Observation and Analysis of Multiphase Back
Flashover on the Okushishiku Test
Transmission Line Caused By Winter Lightning

J. Geophys. Res., 98, 2635-2638

J. Geophys. Res., 73, 1175-1183

J. Atmospheric Terrest. Phys., 35, 521-
535

J. Geophys. Res., 99, 10,813-10,821

J. Geophys. Res., 105 (D6), 7397-7399

J. Geophys. Res., 101, 6979-6996

J. Geophys. Res., 107, 1-1 - 1-13

J. Geophys. Res., 106, D1, 1157-1163

leee Trans. Pow. Del, 11, No.2, 996-
1002

J. Geophys. Res., 105 (D6), 7401-7402

J. Geophys. Res., 103, 19,811-19,822

leee Trans. Pow. Del.7, No. 3, 1450-
1456

J. Geophys. Res., 107, D22, 4616, Doi:
10.1029/2001jd002099

J. Appl. Meteorol., 35, 919-931

Monthly Weather Review, 118, 1767-
1782

leee Trans. Pow. Del., 13, 1391-1398

51



Murray, N.D., Orville, R.E., and
Huffines, G.R.

Naccarato, K.P., O. Pinto Jr.,
I.R.C.A. Pinto

Nakahori, K., T. Egawa & H.
Mitani

Nakano, M.

Nakano, M., M. Nagatani, H.
Nakada, T. Takeuti & Z. Kawasaki

Narita, K., Y. Goto, H. Komuro &
S. Sawada

Norinder, H.

Orville, R.E.

Orville, R.E.

Orville, R.E. and A.C. Silver

Orville, R.E., and G.R. Huffines

Orville, R.E., and Huffines, G.R.

Orville, R.E., E.J. Zipser, M.
Brook, C. Weidman, G. Aulich,
E.P. Krider, H. Christian, S.
Goodman, R. Blakeslee, and K.

Orville, R.E., Henderson, R.W.,
Bosart, L.F.

Orville, R.E., R.A. Weisman, R.B.
Pyle, R.W. Henderson & R.E.
Orville, Jr.

2000

2003

1982

1979

1987

1989

1956

1993

1994

1997

2001

1999

1997

1983

1987

Effect of Pollution From Central American Fires
on Cloud-To-Ground

Evidence of Thermal Aerosol Effects on the
Cloud-To-Ground Lightning Density and
Polarity Over Large Urban Areas of
Southeastern Brazil

Characteristics of Winter Lightning Currents in
Hokuriku District

Initial Streamer of the Cloud Discharge in
Winter Thunderstorms of the Hokuriku Coast

Measurements of the Velocity Change of A
Lightning Return Stroke With Height

Bipolar Lightning in Winter At Maki, Japan

Magnetic Field Variations From Lightning
Strokes in Vicinity Thunderstorms

Cloud-To-Ground Lightning in the Blizzard of
'93

Cloud-To-Ground Lightning Flash
Characteristics in the Contiguous United
States: 1989-1991

Lightning Ground Flash Density in the
Contiguous United States: 1992-95

Cloud-To-Ground Lightning in the United
States: Nldn Results in the First Decade, 1989-
98

Annual Summary - Lightning Ground Flash
Measurements Over the Contiguous United
States: 1995-97

Lightning in the Region of the Toga Coare

An East Coast Lightning Detection Network

Cloud-To-Ground Lightning Flash
Characteristics From June 1984 Through May
1985

Geophys. Res. Lett., 27, 2249-2252

Geophys. Res. Lett, 30, 7-1 - 7-4

leee Transactions on Power Apparatus &
Systems, Pas-101, 4407-4412,
November

J. Meteor. Soc. Japan, 57, 452-458

Res. Ltrs. Atmos. Elec., 7, 25-28

J. Geophys. Res., 94, No.D11, 13,191-

13,195, September 30

Arkiv Geofysik, 2, 423-451

Geophys. Res. Lett., 20, No. 13, 1367-

1370

J. Geophys. Res., 99, 10,833-10,841

Monthly Weather Review, 125, 631-638

Monthly Weath. Rev., 129, 1179-1193

Mon. Wea. Rev.127, 2693-2703

Bull. Am. Meteorolog. Soc., 78, 1055-
1067

Bull. Am. Meteorol. Soc., 64, 1029-
1037

J. Geophys. Res., 92:5640-5644

52



Orville, R.E., R.W. Henderson &
L.F. Bosart

Pawar, S.D., A.K. Kamra

Petersen, W.A., and S.A. Rutledge

Phelps, C.T.

Phelps, C.T. & R.F. Griffiths

Pierce, E.T.

Pierce, E.T.

Pinto Jr., O., K.P. Naccarato,
I.R.C.A. Pinto, W.A. Fernandes,
and O. Pinto Neto

Price, C. and M. Asfur

Price, C., M. Asfur, W. Lyons, T.
Nelson

Price, C., W. Burrows, P. King

Qie, X., Y. Yu, D. Wang, and R.
Chu

Qie, X., Y. Yu, X. Liu, C. Guo, D.
Wang, T. Watanbe, T. Ushio

Rakov, V.A.

Reap, R.M. & D.R. Macgorman

Reising, S.C., U.S. Inan, and T.F.
Bell

1988

2004

1992

1971

1976

1955a.

1955h.

2006

2002

2002

2002

2002

2000

2003

1989

1996

Bipole Patterns Revealed By Lightning
Locations in Mesoscale Storm Systems

Evolution of Lightning and the Possible
Initiation/Triggering of Lightning Discharges
By the Lower Positive Charge Center Is An
Isolated Thundercloud in the Tropics

Some Characteristics of Cloud-To-Ground
Lightning in Tropical Northern Australia

Field-Enhanced Propogation of Corona
Streamers

Dependence of Positive Corona Streamer
Propogation on Air Pressure and Water VVapor
Content

Electrostatic Field Changes Due To Lightning
Discharges

the Development of Lightning Discharges

Monthly distribution of cloud-to-ground
lightning flashes as observed by lightning
location systems

An Improved EIf/VIf Method For Globally
Geolocating Sprite-Producing Lightning

An Improved EIf/VIf Method For Globally
Geolocating Sprite-Producing Lightning

the Likelihood of Winter Sprites Over the Gulf
Stream

Characteristics of Cloud-To-Ground Lightning
in Chinese Inland Plateau

Charge Analysis on Lightning Discharges To
the Ground in Chinese Inland Plateau (Close
To Tibet)

A review of positive and bipolar lightning
discharges

Cloud-To-Ground Lightning - Climatological
Characteristics and Relationships To Model
Fields, Radar Observations, and Severe Local
Storms

Evidence For Continuing Current in Sprite-
Producing Cloud-To-Ground Lightning

Geophys. Res. Lett., 15, No. 2, 129-
132

J. Geophys. Res., 109

J. Geophys. Res., 97, 11,553-11,560

J. Geophys. Res., 76, 5799-5806

J. App. Phys., 47, 2929-2934

Quart. J. Roy. Meteorol. Soc., 81, 211-
228

Quart. J. Roy. Metrol. Soc., 81, 229-
240

Geophys. Res. Lett., 33, L09811, doi:
10.1029/2006GL 026081

Geophys. Res. Lett., 29, 3,
10,1029/2001g1013519, 4 P.

Geophys. Res. Lett., 29, 1-1 - 1-4

Geophys. Res. Lett., 29, 27-1 - 27-4

J Meteor. Soc. Japan, 80, 745-754

Ann. Geophys., 18, 1340-1348

Bull. AMS (BAMS), 767-775, June
2003, doi: 10.117/BAMS-84-6-767

Monthly Weather Review, 117, No. 3,
March, 518-535

Geophys. Res. Letts., 23, 3639-3642

53



Rust, W.D., D.R. Macgorman

Rust, W.D., D.R. Macgorman &
W.L. Taylor

Rust, W.D., Macgorman, D.R. &
Arnold, R.T.

Rutledge, S.A. & D.R. Macgorman

Rutledge, S.A., and W.A. Petersen

Rutledge, S.A., C. Lu & D.R.
Macgorman

Saba, M.M.F., Cummins, K.L.,
Warner, T.A., Krider, E.P.,
Campos. L.Z.S., Ballarotti, M.G.,
Pinto Jr., O., Fleenor, S.A.

Sabbas, F.T.S., D.D. Sentman

Schonland, B.F.J. & T.E. Alliborne
Schulz, W., K. Cummins, G.

Diendorfer, and M. Dorninger

Schuur, T.J., B.F. Smull, W.D.
Rust & T.C. Marshall

Seimon, A.

Shafer, M.A., D.R. Macgorman,
F.H. Carr

Shalimov, S., Bosinger, T.

Shao, X.M., Rhodes, C.T., and
Holden, D.N.

Smirnova, E.l., E.A. Mareev and
Y.V. Chugunov

2002

1985

1981

1988

1994

1990

2008

2002

1931

2005

1991

1993

2000

2008

1999

2000

Possibly Inverted-Polarity Electrical Structures
in Thunderstorms During Steps

Photographic Verification of Continuing
Current in Positive Cloud-To-Ground Flashes

Positive Cloud To Ground Lightning Flashes
in Severe Storms

Cloud-To-Ground Lightning Activity in the
10-11 June 1985 Mesoscale Convective System
Observed During Oklahoma-Kansas Pre-Storm
Project

Vertical Radar Eflectivity Structure and Cloud-
To-Ground Lightning in the Stratiform Region
of Mcss: Further Evidence For in Situ Charging
in the Stratiform Region

Positive Cloud-To-Ground Lightning in
Mesoscale Convective Systems

Positive leader characteristics from high-speed
video observations

Dynamical Relationship of Infrared Cloudtop
Temperature With Occurrence Rates of Cloud-
To-Ground Lightning and Sprites

Branching of Lightning

Cloud-to-Ground Lightning in Austria: A 10-
year Study Using Data from a Lightning
Location System

Electrical and Kinematic Structure of the
Stratiform Precipitation Region Trailing An
Oklahoma Squall Line

Anomalous Cloud-To-Ground Lightning in An
F5-Tornado-Producing Supercell
Thunderstorm on 28 August 1990

Cloud-To-Ground Lightning Throughout the
Lifetime of A Severe Storm System in
Oklahoma

On distant excitation of the ionoshperic Alfven
resonator py positive cloud-to-ground lightning
discharges

Rf Radiation Observations of Positive Cloud-
To-Ground Flashes

Modeling of Lightning Generated Electric Field
Transitional Processes

Geophys. Res. Lett., 29, 12-1 - 12-4

J. Geophys. Res., 90, 6144-6146

Geophys. Res. Lett., 8, 791-794

Monthly Weather Review, 116, No. 7,
1393-1408, July

Monthly Weather Review, 122, 1760-
1776

J. Atmosph. Sci., 47, 2086-2100

Geophys. Res. Lett., 35, L07802,
doi:10.1029/2007GL 033000

Geophys. Res. Lett., 30, 40-1 - 40-4

Nature, 128, 794-795
J. Geophys. Res., 110, D09101,
doi:10.1029/2004)JD005332

J. Atmosph. Sciences, 48, 825-842

Bull. Am. Meteorol. Soc., 74, No. 2,
189-203

Amer. Metero. Soc., 128, 6, 1798-1816

J. Geohpys. Res., 113, A02303,

doi:10.1029/2007JA012614

J. Geophys. Res., 104: 9601-9608

Geophys. Res. Lett., 27, 23, 3833-3836



Sorasio, G., Shukla, P.K., D.P.
Resendes, J.T. Mendonca

Sorasio, G., Shukla, P.K.,
Resendes, D.P., Mendonca

Soriano, L.R., and F. De Pablo

Soriano, L.R., F.D. Pablo, E.G. Diez

Soriano, L.R., Pablo, F.

Steiger, S.M., R.E. Orville

Steiger, S.M., R.E. Orville, G.
Huffines

Stolzenburg, M.

Stolzenburg, M.

Suzuki, T., M. Hayakawa, Y.
Matsudo, and K. Michimoto

Takagi, N., T. Takeuti & T. Nakai

Takagi, N., T. Watanabe, I. Arima,
T. Takeuti, M. Nakano & H.
Kinosita

Takeuti, T., Israelsson, S., Nakano,
M., Ishikawa, H., Lunquist, S. &
Astrom, E.

Takeuti, T., K. Funaki & N.
Kitagawa

Takeuti, T., Nakano, M. &
Yamamoto, Y.

2004

2004

2002

2002

2007

2003

2002

1990

1994

2006

1986

1986

1980

1983

1976

Origin of ELF/ULF waves triggered by positive
cloud to ground lightning above mesoscale
convective systems

Correction to "Origin of EIf/ULF waves
triggered by positive cloud to ground lightning
above mesoscale connective systems"

Maritime Cloud-To-Ground Lightning: the
Western Mediterranean Sea

Relationship Between Geographical Latitude
and Longitude and Cloud-To-Ground
Lightning Falsh Characteristics in the Iberian
Penisula

Total flash density and the intracloud/cloud-to-
ground lightning ratio over the Iberian Peninsula

Cloud-To-Ground Lightning Enhancement
Over Southern Louisiana

Cloud-Ground Lightning Characteristics Over
Houston, Texas: 1989-2000

Characteristics of the Bipolar Pattern of
Lightning Locations Observed in 1988
Thunderstorms

Observations of High Ground Flash Densities of
Positive Lightning in Summertime
Thunderstorms

How do winter thundercloud systems generate
sprite-inducing lightning in the Hokuriku area
of Japan?

on the Occurrence of Positive Ground Flashes

An Unusual Summer Thunderstorm in Japan

on Thunderstorms Producing Positive Ground
Flashes

A Preliminary Report on the Norwegian Winter
Thunderstorm Observation

Remarkable Characteristics of Cloud-To-
Ground Discharges Observed in Winter
Thunderstorms in Hokurkiku Area, Japan

Geophys. Res. Lett., 31

Geophys. Res. Lett. ,31

J. Geophys. Res., 107, D21, 4597, Doi:

10.1029/2002/3d002211

Atmosfera, 15, 139-146

J. Geophys. Res., Vol. 112, D13114,
doi:10.1029/2006JD007624

Geophys. Res. Lett., 30, 1-1 - 1-4

J. Geophys. Res., 107, 2-1 - 2-13

Bull. Am. Meteorol. Soc., 71, #9,
1331-1338

Monthly Weather Review, 122, 1740-
1750

Geophys. Res. Lett., Vol. 33, L10806,
doi:10.1029/2005GL 025433

J. Geophys. Res., 91, 9905-9909

Res. Ltrs. on Atmos. Elec., 6, 43-48

Proc. Res. Inst. Atmospherics, Nagoya

Univ., Japan, 27-A, 1-17

Res. Letts. Atmosph. Elec., 3, 69-72

J. Meteor. Soc. Japan, 54, 436-439

55



Takeuti, T., Nakano, M., Brook,
M., Raymond, D.J. & Krehbiel, P.

Takeuti, T., Nakano, M., Ishikawa,
H. & Israelsson, S.

Takeuti, T., Nakano, M., Nagatani,
M. & Nakada, H.

Takeuti, T., Z. Kawasaki, K.
Funaki, N. Kitagawa & J. Huse

Takeuti, T., Z. Kawasaki, K.
Funaki, N. Kitagawa & J. Huse

Taylor, W.L.

Thomas, J.N., R. H. Holzworth,
M.P. McCarthy, O. Pinto Jr.

Toracinta, E.R., K.I. Mohr,
E.J.Zipser, and R.E. Orville

Uman, M.A.

Uman, M.A.

Ushio, T-0, A-1. Kawasaki, K.
Matsu-Ura, and D. Wang

Vonnegut, B., D.J. Latham, C.B.
Moore, and S.J. Hunyady

Williams, E., E. Downes, R. Boldi,
W. Lyons, and S. Heckman

Williams, E.R.

Winckler, J.R., W.A. Lyons, T.E.
Nelson, R.J. Nemzek

Yair, Y., Levin, Z., and Altaratz, O.

1978

1977

1973

1985

1985

1963

2005

1996

1969

1984

1998

1995

2007

1998

1996

1998

the Anamalous Winter Thunderstorms of the
Hokuriku Coast

on the Two Types of Thunderstorms Deduced
From Cloud-To-Ground Discharges Observed
in Sweden and Japan

on Lightning Discharges in Winter
Thunderstorms

Notes and Correspondence on the Thundercloud
Producing the Positive Ground Flashes

on the Thundercloud Producing the Positive
Ground Flashes

Radiation Field Characteristics of Lightning
Discharges in the Band 1kc/S To 100 Kc/S

Predicting lightning-driven quasi-electrostatic
fields at sprite altitudes using in situ
measurements and a numerical model

A Comparison of Wsr-88d Reflectivities, Ssm/I
Brightness Temperatures, and Lightning For
Mesoscale Convective Systems in Texas. Part
I: Radar Reflectivity and Lightning

Lightning

Lightning

Electric Fields of Initial Breakdown in Positive
Ground Flash

An Explanation For Anomalous Lightning
From Forest Fire Clouds

Polarity asymmetry of sprite-producing
lightning: A paradox?

the Positive Charge Reservoir For Sprite-
Producing Lightning

New High-Resolution Ground-Based Studies of
Sprites

Lightning Phenomenology in the Tel Aviv
Area From 1989 To 1996

J. Geophys. Res., 83, 2385-2394

J. Meteor. Soc. Japan, 55, 613-616

J. Meteor. Soc. Japan, 51, 494-496

J. Meteorol. Soc. of Japan, 63, 353-358

J. Met. Soc. of Japan, 63, 353-358

J. Res. National Bureau of Standards,
67d, 539-550

Geophys. Res. Lett., 32, L10809, doi:
10.1029/2005GL022693

J. Appl. Meteorl., 35, 902-918

Mcgraw-Hill Book Company, New
York

Dover, New York, Pp. 138-140, 240-
242, 243-248

J. Geophys. Res., 103: 14,135-14,139

J. Geophys. Res., 100, 5037-5050

Radio Sci., 42, RS2517, doi: 10.1029/

2006RS003488

J. Atmos. Solar-Terr. Phys., 60: 689-692

J. Geophys. Res., 101, 6997-7004

J. Geophys. Res., 103, Positive
Lightning, Flash Density, Flash
Counters, Phenomenology

56



Yoda, M., I. Miyachi, T.
Kawashima, Y. Katsuragi

1992

Lightning Current Protection of Equipments in
Winter

Res. Lett. Atmos. Electr., 12, 117-121

57



Appendix 4: Lightning Damage to Metal Surfaces

Authors

Bellaschi, P.L.

Brick, R.O.

Hagenguth, J.H.

Kofoid, M. J.

McEachron, K.B. and J. H.

Hagenguth
Schnetzer, G. H., and R. J.

Fisher.

Testé, Ph., T. Leblanc, F.
Uhlig, and J. P. Chabrerie

Pub

1941

1968

1949
1970

1942

1992

2000

Title

Lightning strokes in field and laboratory I11

A method for establishing lightning-resistant skin
thickness requirements for aircraft

Lightning stroke damage to aircraft

Lightning discharge heating of aircraft skins
Effects of lightning on thin metal skins
Rocket-Triggered Lightning Test of the DoD
Security Operations Test Site (SOTS) Munitions
Storage Bunker, Ft. McClellan, Alabama

3D modeling of the heating of a metal sheet by a

moving arc: application to aircraft lightning
protection 2000

Journal

AIEE Trans. 60: 1248-1256
Lightning and Static
Electricity Conference, AFAL-
TR-68-290, pt. 11, 295-317
AIEE Trans. 68(11):1036-1046
J. Aircraft 1, 21-6

AIEE Trans. 61, 559-64
Volume 1, Sandia Report
SAND91-2343, UC-706
Printed Feb. 1992

Eur. Phys. J. AP11: 197-204.

58



