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ABSTRACT

PartI - Meteorolog1cal Aspects: The more recent theories of
lightning formation are reviewed and some of the established
meteorologmal facts, which are considered to be of interest to
electrical engmeers, discussed.

The movement of thunderstorms in the Brisbane area is
studied by the use of 5 minute radar photographs taken at the.
Electrical Engineering Department, Queensland Un1vers1ty The
results are compared with those obtained by a previous assessment
on the Darling Downs. The case for a random distribution of
thunde rstorms over country with no marked orography is presented
and the hazards associated with thunderstorms in south-east
Queensland discus sed. '

Part II - Electrical Aspects~ Statistics relating to 11ghtning flashes
obgserved from the University of Queensland Lightning Observatory,
classified as ground, sky and unidentified strokes, provide information
on the sky to ground stroke ratio and the ground stroke density.. The
performances of the Pierce counter, the Linck photosensitive counter
and the University of Queensland electromagnetic counter are
exam1ned

An invest1ga.t1on of the rate of change of electric field (dE/dt)
caused by each type of lightning stroke has been carried out and it is
concluded that sky and ground strokes are probably very similar
electrically; certain observed differences may be attributable to
geometrical factors only. It is also concluded that the peak values of
dE/dt, which occur as pulses lastmg about a microsecond, arise from
a short portion of the arc’channel at the beginning of the return
stroke. Design requirements. of a ground stroke counter based on these
observations are listed.
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PartT - METEQR_OL_OGI_CAL ASPECTS
by A. T. Brunt | |
1. INTRODUCTION

It is as well to introduce a thunderstorm study to a group of
electrical engineers by a review of the observed facts and the more
recent theories of lightning formation. This is considered necessary
because the problem of generation of the electric charge which induces
lightning strokes is by no means fully resolved.

The early theories of Simpson (1927) and Wilson (1929) do not
adequately explain the observed facts. Simpson's "Breaking drop theory",
which is applied to storms with violent up-currents, produces a cloud
which is negatively charged at the top and positively charged at the base,
whereas aircraft observations have shown that the tops of thunder clouds
are mainly positively charged. Wilson's ""Capture Theory'' gives a
distribution of charges which is more nearly correct, but it fails to
explain the absence of lightning in some heavy rain situations, for
example, mature tropical cyclones. :

It is now well established that precipitation is a necessary
process for the formation of thunderstorm electricity but it is not, of
itself, sufficient. Precipitation was present in all cases of electrification
observed by Reynolds and Brook (1956) in a study of radar and field meter
readings from the summit of Mt. Withington, U.S. A. "Dry" thunder-
storms over the Australian interior are not necessarily exceptions.
Evaporation of rain drops, with long paths through dry air from the high
cloud bases of these storms, probably accounts for the lack of rain
reaching the ground.

The association with precipitation was confirmed by Shackford
(1960) who found that heavy rain commenced at an average of 3 minutes
after lightning was observed to be within one mile. He stressed the
significance of hail by the observations that, when lightning rates were
less than 10 strokes to ground per hour no hail was reported, whilst in
60 per cent of cases where hail reached the ground the rate was 100 per
hour.

Byers and Braham (1949) showed that lightning discharges do
not occur until the cloud has reached temperatures of -28 or -30°C
(about 25, 000 to 30, 000 feet in south-east Queensland). They demonstrated
that a positive centre is then found near the -20°C isotherm and a
negative centre between 0° and -10°C. Observations have shown (Byers
and Braham 1949, Kuettner 1950, Petterssen 1956) that the greatest
lightning activity is in the region of downdraught and heaviest rain, which
is associated with a small centre of positive charge. ‘

-
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: Dinger and Gunn (1946) pointed out that when melting hail
released the air which had become trapped, a negative sign was
transferred to the adjacent air, whilst the melted water retained a -
positive.charge. A further theory was advanced by Workman and
Reynolds (1949), who demonstrated that large potential differences arise
between the liquid and solid phases when dilute aqueous solutions are
frozen, and that considerable amounts of charge are transferred during
the freezing process. . . - . = .

An aircraft observation by Foster (1950) of lightning in clouds
which were "everywhere above freezing temperature' led Gunn (1956) to
disregard the freezing process for the formation of thunderstorm .
electricity. He proposed theories of thermal bombardment of cloud
droplets by both positive and negative ions which are produced by cosmic
rays or radioactivity. The observation of lightning in the warm clouds
was, however, queried by Appleman (1957) on the grounds that the
observation was made at a distance and after dark.

It now seems fairly well established that the electrification
process requires clouds to build to ice forming levels. Reynolds, Brook
and Gourley (1957) have demonstrated in the laboratory that frictional
contact between ice formations could be a contributory cause. They
showed that if two rods, coated with ice made from distilled water, are
rubbed together the warmer is negatively charged, but when one is
coated with contaminated ice it will be negatively charged despite
temperature differences of as much as 25%C. It can be shown that both
differences in temperature and contamination tend to develop a negative
charge on'a rapidly falling ice pellet, so this theory is applicable to the
formation of thunderstorm electricity. ) .

It is likely that a number of processes contribute towards the
early phases of thunderstorm electrification and, once the cloud becomes
highly electrified, the problem is even more complicated by influence
and induction.effects. . ' ’

5. OCCURRENCE OF THUNDERSTORMS

The seasonal incidence of thunderstorms in south-east
Queensland is best related to the key station Brisbane, where 74 years of
record at the Bureau of Meteorology show the following average number
of thunder days:- S

TABLE 1. Average number of Thunder Days at Brisbane (1887-1960)

Jan. Feb. Mar. Apl May June July Aug. Sep. Oct. Nov. Dec. Year
4.8 4.0 2.4 1.6 0.6 0.'5 ‘0.4 1.5 3.0 4.6 -5.9\.7.0 36.3

The annual means are, of course, higher t\ha.n, this over thé :
southern border highlands, particularly the areas above 3000 feet, due to
the increased convective activity over mountainous areas. o
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‘ ' - From a minimum in July the thunderstorm season builds, to a
peak in December, somewhat ahead of the temperature maximum which
occurs in January. The commencement of the wet season towards the end

_of this month, with its associated increase in cloudiness, probably
accounts for the earlier thunderstorm peak. S

The diurnal variation of thunderstorm activity is also closely
related to surface air temperature due to its effect on the lapse rates. In
this instance, however, there is a time lag and the period of greatest
thunderstorm activity occurs after the temperature maximum. This is
illustrated by Table 2 which shows the time of commencement of 93
thunderstorms over two areas on the Darling Downs during 1959/ 60.

TABLE 2. Time of Commencement of Thunderstorms on
the Darling Downs

Time Number of Storrr.ms
Midnight - 3a.m. | 4

.3 -a.m..'-6a._.m. - o 1

6‘a.m. -é'a.vm,' S ' ‘ -2'

9am -'Noon“ e ] 10

Noor; -3 p.Am. ' : 15 :
3pm. -bpm 3

6p.m. -9 p.m. ’ 20

9 p.m. - Midnight | : : .7

If storms of synoptic origin, e. g. due to the passage of a front
or trough, are eliminated from the analysis, the concentration in the 3 to
9p.m. period is even morc_a-pfonounced.

3. DIRECTION OF THUNDERSTORM MOVEMENT

) It has been found that, in general, thunderstorms are steered
by the winds in the layer 10, 000 to 20, 000 feet and the direction of
thunderstorm travel is not greatly affected by winds below this layer.

High correlation coefficients were derived by Byers and Braham (1949) by
relating radar cloud movement to the winds at 12, 000 feet in the U. S.
Thunderstorm Project. Newton and Katz (1958) obtained their best .
correlation with the mean wind direction at 700 and 500 mb, but added that

the difference did not appear to justify use of the mean in preference to .
the 700 mb (al?out.lo, 000 feet) wind direction. It was significant that, of
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the levels tested, the poorest correlation was at 850 mb (about 5, 000 feet).
Using high density rainfall networks to track thunderstorms on the
Darling Downs, Brunt (1960) showed that the 15, 000 feet level appeared to
be the most apphcable in south- east Queensland s .

W1nds at these levels do not normally show rapid changes - they
blow in almost straight paths over distances of 50 to 100 miles except in
cases when a depression in close proximity causes marked curvature in
the streamlines. Even in a frontal passage, the 15,000 feet winds are
above the frontal surface until the front has been through for some hours
at the ground level. There is also evidence (Brooks 1946) that rapid
change in the he1ght of the storm cloud could cause a variation of steering
level.

With these exceptions, fairly straight thunderstorm paths are
indicated. This was confirmed by the use of 5 minute radar photographs
taken at the Electrical Engineering Department, Queensland University,
during the period October 1959 to January 196], inclusive. Thirty-one
storms which could be positively identified in each photograph were tracked
for the whole of their radar echo life. Some paths showed minor
deviations from a straight track, due no doubt to variations in the growth
of cells within the storm, but only two were definitely curved. Details of
the tracks are shown in Figure 1.

Similar results were obtained in the Darling Downs test areas
whe re high density rainfall networks had been installed. In this case 93
storms were tracked from detailed rainfall measurements. Observers
were asked to record their impressions of storm movement and it was
noted that their estimates varied by as much as 45 degrees from the
direction given by the rainfall pattern. The formation and development of
new thunderstorm cells probably accounted for the difficulty in estimating
true storm direction when they were close, whilst distant storms needed
a long period of observation before the true d1rect1on of travel could be
deduced.

It was significant that some of these observers reported varying
directions for the one storm and some described  straight paths as being
curved. Such curvature may be attributed to an optical phenomenon
similar to the apparent arching of straight bands of clouds (Humphreys
1929).

Analysis of the thunderstorm tracks obtained from the
Queensland University radar and the Darling Downs test areas showed the
frequencies of direction of thunderstorm movement. The percentages
from the major directions are indicated in Table 3.
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TABLE 3. Direction of Thunderstorm Movement

Data Period No. of Storms (%) move from
Storms S SW w NW

Queensland Oct. ”59 to , C

University Jan. "61 31 6 48 26 - 20

Radar

Darling Downs Feb. '59 to

dense rainfall Mar. ’60° 93 9 47 17 21

network

Reasonable agreement between the two sets of data is apparent,
both showing that nearly half of the storms moved from the south-west
during the periods studied. The secondary directions of west and north-
west are, however, not to be disregarded.

Meteorological experience has shown that the heaviest thunder-
storms in south-east Queensland approach from the south-west and are
usually associated with frontal or trough passages. Also the number of
faults per thunderstorm in Brisbane transmission lines was found by
Prentice (1960) to be higher for the storms accompanymg fronts and
troughs than the isolated air mass type.

Notable features of the Queensland University radar tracks

were:-
(i) In only a few cases could storms be pos1t1ve1y
identified for more than 50 miles.
(ii) A number of storms developed within close

proximity of Brisbane. Apparently they do
not need to have moved as fully developed
storms from some mountainous region.

An earlier theory (Martin 1944) that all Brisbane storms moved
in toto from the highland areas does not explain the occasional absence of
thunderstorm activity at intervening stations.

4. SPEED OF THUNDERSTORM MOV EMENT

Of the 31 'storms whose radar photographs were stud1ed mean
speeds ranged from 10 to 38 knots. There was little correlation with
upper wind speed, seven of the storms moving at velocities faster than
indicated by the 15, 000 feet wind. The tendency for additional cells to
develop in front of the storm could partly account for this.

Newton and Newton (1959) have shown that smoothing of the
vertical wind field within a thunderstorm by momentum transfer can cause
a rate of storm movement which differs from the ambient wind speed. The
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movement of the lower parts of the storm at speeds higher than the
environment accounts for the convergence and new cloud formation at its
leading edge and divergence and dissipation of cloud at the rear of the
storm (Figure 2). :

Several instances of storms occurring under conditions of
strong shear were noted and on three occasions 30, 000 feet winds of over
100 knots were recorded. Hitschfield (1960) found that, far from
inhibiting cell growth, large thunderstorms in severe wind shear remain
essentially upright as the wind tends to blow "through'' the storm. This
was in agreement with Newton and Newton (1959) who found that the
tendency for the tops of clouds to be blown away from the bases inhibits
the growth of small clouds but it is less pronounced in storms of large
diameter.

5. PREFERRED STORM PATHS

No evidence for the existence of preferred storm paths was
found in south-eastern-Queensland. Both the radar storm paths (Figure
1) and the paths obtained from the Darlmg Downs dense rainfall networks
show a random type of distribution in space, although the preference for a
direction from the south-west is quite marked. The St. Lucia .radar
showed that storm paths were apparently unaffected by passage over the
1000 to 2000 feet topographic features within about 40 miles of Brisbane.

Byers and Braham (1949) observed more frequent radar cloud
development over the more rugged terrain in Florida but observed that the
distribution of storms was sparse and more random over the areas with
no pronounced orography. In south-east Queensland the most likely
breeding area is along the southern border highlands and northward along
the Dividing Range. However, the facts that the wind varies in direction
and speed and that clouds can move varying distances from the time of
formation until they reach thunderstorm maturity, lend support to a random
distribution of storms over the flatter country. Althoughg¢here is a
preferred direction of travel, the random distribution of storms means
that the number of faults per mile of transmission line over a long period
is independent of the orientation of the line.

- The randomness was further tested by plotting December rain-
fall averages for the period 1911-1950 for all available stations in the
Brisbane Metropolitan area. December was chosen because of the higher
storm incidence. In the 40 year period studied, thunderstorms accounted
for 74 per cent of the total December rainfall registered at the Brisbane
Bureau of Meteorology. The 44 sets of records, with approximately 2
miles between statmns, showed December averages which increased
steadily from 4% inches in the south-west to over 5 inches near Sandgate.
Admittedly, the remaining 26 per cent of the rainfall, particularly the
general type of rain, would have produced some spatial smoothing, but
one would have thought that any particularly favoured thunderstorm areas
would record higher December rainfall.
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The incidence of lightning strikes to ground is, of course, a
function of elevation, the higher country being closer to the cloud base.
Norinder and Salka (1949) found no definite evidence of geological
preference with regard to lightning strikes to ground.

6. ASSOCIATED HAZARDS

Apart from the lightning problem, thunderstorms may be
associated with heavy rain, hail and strong winds, each of which can
affect engineering design. The heaviest rain and hail, as well as
lightning, are found in the region of the most violent downdraught, which
is normally in the leading half of the storm. The downdraught spreads on
reaching the ground and the severe surface wind gusts may precede
slightly the maximum rainfall intensity. '

(i) Heavy Rainfall.

The heaviest short-period rainfalls in south-eastern Queensland
have all been of thunderstorm origin. A value of 10. 5 inches per hour has
been computed by the Institution of Engineers, Australia (1958) for
Brisbane's 5 minutes rainfall intensity of recurrence interval once in 100
years. This value has almost certainly been exceeded over short periods
in the thunderstorm rainfalls listed in Table 4.

TABLE 4. Heaviest Reported Rainfall Intensities -
South-East Queensland

Location Date Details of Rainfall Approx. mean .
intensity
(inches per hour)

Enoggera 2.10. 1869 Nearly 4 inches in 25 9.50
’ minutes
Yelarbon 15. 1. 1935 4 inches in § hour 8. 00
Tamaree 28.10. 1937 3 inches in 20 minutes 9.00
(Gympie)
Brisbane 3.10. 1946 1. 16 inches in 8 8.70
minutes
Beaudesert 26.11. 1949 2 inches in 1 hour -8.00
Benarly 28.11.1949 4 inches in 25 minutes 9.60
Beaudesert 24.3.1953 4 inches in 30 minutes 8. 00

The importance of rainfall intensity from the electrical
engineer's point of view has recently been emphasised by Mather and
Poland (1960) who found that decreased resistivity of rainfall,
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particularly near industrial areas and after dry spells, can account for a _
total change of flash-over voltage in insulators of approximately 50 per
cent. The more intense the precipitation rate over an insulating
structure, therefore, the lower the voltage at which it will actually fail.

(ii) Hail.

Hail is normally an accompaniment of the more severe
thunderstorms. The fact that hailstones of 2 or more inches in diameter
are occasionally reported in south-east Queensland will explain the amount
of damage which can be caused. ‘

The seasonal variation in hail, with a maximum in the spring
months, is demonstrated by the total number of hailstorms reported at
the Brisbane Bureau of Meteorology during the 74 years 1887 to 1960.
These are shown in Table 5.

TABLE 5. Total Number of Hailstorms - Brisbane 1887 to 1960

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year
15 10 3 5 1 3 2 15 22 21 37 31 165

Hail is, of course, more frequent over the highland areas
because of the reduced distance between ground and the freezing level. A
20 year analysis of hail storm frequency based on press reports showed
the greatest incidence over the highland areas which include the
Granite Belt, the border highlands and the Dividing Range as far north as
Toowoomba. The isopleths of occurrence once in two years pass near
Nambour, Esk, Dalby and Inglewood, hail frequency decreasing to the
north and west of this line.

The fact that dnly noteworthy hail storms are normally
reported in the press means that results from this analysis would fall
below the real level of hail incidence.

(iii) Strong Winds.

- The highest wind gusts in south-east Queensland have not been
found in tropical cyclones but are mostly of thunderstorm origin. In
fact, the six highest gusts recorded at the Brisbane Bureau of
Meteorology have been due to thunderstorms and 33 out of 60 extreme
annual wind gusts were of thunderstorm origin. Using extreme value
theory, Whittingham (1961) has estimated an extreme 100 year wind
gust of 93 m. p. h. for the Brisbane area.

Although the highest gust in a thunderstorm is of short duration,
3 to 10 seconds, strong gusts may persist for about 15 minutes after the
initial squall. Some of the most damaging thunderstorms have been
associated with violent wind gusts, the highest authentically recorded in
south-east Queensland being:-






