E. T. Pierce

atmospheric electricity—
some themes'

Abstract

Trends in atmospheric electricity are illustrated by
means of four themes. These are that there is a constant
and healthy change in the emphasis of research investigations; that practical applications of any research need to
be kept in mind; that—even so—research of no obvious
utility at its commencement can still suddenly become of
immense importance; and that it is perhaps time for a
new Thunderstorm Project. A plea is made for a greater
emphasis on "national" rather than "international"
research.
1. Introduction

Mr. Chairman, Ladies and Gentlemen, let me start with
a disclaimer. I am not presenting a consensus opinion
of the AMS Committee on Atmospheric Electricity. We
are a Committee on Atmospheric Electricity. We are a
Committee of nine scientists and—as you may appreciate
—any consensus is not therefore easily attained! What I
am going to present are some of my own thoughts, tempered and modified in certain instances by recent contacts with my colleagues. In particular, we had a very
frank panel discussion on "Atmospheric Electricity—
Present and Future," at the AGU Fall Meeting in San
Francisco last December. This discussion was most useful in clarifying some of our respective viewpoints.
And now let me be controversial. Some of you will be
going on to the IAMAP meeting in Melbourne. At one
time international scientific commitments—like motherhood—were not to be questioned. Excessive motherhood
is no longer considered desirable; equally, I believe, excessive commitments to international science are of dubious value. Perhaps I speak rather chauvinistically. This
chauvinism possibly comes more gracefully from a naturalized U.S. citizen like myself than from a native-born
American. No one is more zealous than the convert! In
these days of limited scientific funding I see two essential criteria for a project: a) Is it good science? and b)
Is it good for the U.S.? I am not sure which of the criteria is the more important. Let me give you two examples from atmospheric electricity: 1) Studies of the
worldwide global circuit in atmospheric electricity are
interesting to everybody but vital to nobody. 2) On the
i This is the approximate text of the review presented
at the 54th Annual Meeting of the AMS in Honolulu,
Hawaii, January 8-11, 1974.
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other hand, studies of the electrical effects of tornadoes
—that distressing and disastrous weather phenomenon
that is, unfortunately, so peculiarly American—are of
direct and immense importance to the United States.
The global circuit and tornado electricity are of comparable scientific interest, but I feel that tornado electrification should get the preference in any competition
for funding because of its especial significance to
America.
Now in my talk I am not going to attempt to survey all
branches of atmospheric electricity. This would be an
impossible task; indeed some aspects of atmospheric
electricity are not even of much interest to the meteorologist. Rather what I propose to do is specify four
themes which seem to me to indicate the trends in
modern atmospheric electricity. I will illustrate these
themes by some selected examples. I must apologize for
choosing several of these examples from my own experience; the selection was partially dictated by the ready
availability of material.
2. Theme 1

My first theme is that there is a constant and healthy
change in the emphasis of atmospheric electrical investi-

FIG. 1. Global circuit of atmospheric electricity.
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FIG. 3. Secular change of oceanic atmospheric conductivity
(after Cobb and Wells, 1970).

FIG. 2. Local pollution effects.

gations. My illustrations are drawn from studies of fair
weather electricity.
A very active area of research from perhaps 1920 on
has been in attempts to identify the so-called universal
variation of the fair weather field. The hypothesis is that
the upper atmosphere or electrosphere is maintained at a
potential proportional to the global thundery activity.
If this potential changes so does the field in the atmosphere; there should, therefore, be a worldwide diurnal
variation of fair weather field in phase with that of
global thunderstorms (Fig. 1).
Unfortunately, besides being responsive to the thunderstorm changes, the field is also immensely influenced by

FIG. 4. Conventional lightning flash to tower at Monte San Salvatore, Lugano, Switzerland.
(Direction of initial leader—cloud-to-ground—indicated by direction of branching.)
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FIG. 5. Lightning flash triggered by tower at Monte San Salvatore, Lugano, Switzerland.
(Direction of initial leader—tower-to-cloud—indicated by direction of branching.)

aerosol and particulate pollution in the atmosphere. The
pollution decreases the electrical conductivity, and, since
conductivity and electrical field—or potential gradient—
are approximately inversely related, the field increases.
Many attempts were made to find stations at which
the universal diurnal variation of field uncontaminated by pollution effects could be recognized. Measurements were made on mountain-tops, at sea, and finally
by using balloons and high-flying aircraft.
Recently, however, there has been a considerable
change in attitude. It has been recognized that the electrical measurements are valuable indicators of pollution. The complications or "noise" due to the pollution
have suddenly become the desired signal.
Figure 2 illustrates some effects of local pollution.
Figure 2(b) shows how the conductivity is lowest and the
gradient highest when the accumulation of pollution
in the atmosphere is maximum—which is in the afternoon [Israel (1973)]. Figure 2(c) indicates a comparison,
due to Anderson and Trent (1969), of some polluted and
unpolluted stations in the United States. The pollution
begins to peak up in the "rush hour" as people go to
work and factories start operations.
Figure 2(a) is one of the classics of atmospheric electricity. It illustrates the diurnal variation of potential
gradient as recorded by Sapsford (1937) in Samoa during the halcyon days of the 1930s. At that happy time
the only major source of pollution was cooking fires. On
normal days these were lit in the morning and in the

evening—hence the two peaks. However, on Sundays,
under strong missionary encouragement, a large fire was
lit in the morning; this was then allowed to die out;
everyone went to church for the rest of the day and subsisted on the Polynesian equivalent of cold cuts! We may

FIG. 6. Proportions of conventional and structure-initiated
(triggered) lightning as a function of structure height.
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make two subtle sociological deductions from Fig. 2(a):
a) The phasing of the peaks is the same on Sundays
and other days. In other words people got up at the
same time on Sundays as on weekdays—a practice not
common in some other communities! b) There is evidence of a slight but perceptible peak on Sunday
evening. This conjures up a picture of backsliders
surreptitiously tending their clandestine fires. Maybe
hard-bitten recalcitrant traders broiling their evening
steaks, while swigging their nightly rum!
Pollution effects can also be traced in atmospheric
electricity over quite long terms. Figure 3 shows how the

conductivity has decreased over the North Atlantic as it
has become more polluted [Cobb and Wells (1970)].
The South Pacific, on the other hand, has remained
relatively uncontaminated.
3. Theme 2

And now turning to my second theme. This is that—
under the present funding climate—possible applications
of any research should be kept in mind. This implies no
great restriction. For example, any research on lightning
is likely to yield information of practical value. We need
more statistical data so we can better estimate lightning

FIG. 7. Instances of triggered lightning.
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hazards. We require more physical insight so that we
can avoid incidents such as the lightning strike to
Apollo 12.
Lightning flashes to ground usually start off as a leader
in the cloud which progresses towards earth as in Fig. 4.
The flash is to Monte San Salvatore; the direction of
motion is indicated by that of the branching. However,
in the case of tall buildings or towers on mountain tops,
the initial breakdown is at the tip of the structure and
the leader moves in an upward direction as in Fig. 5
(again for Monte San Salvatore). The lightning is triggered by the structure! Unfortunately, much of our detailed knowledge of lightning is due to measurements
on tall structures. There is some question whether such
measurements—with their large contamination by triggered lightning—are really representative of ordinary
lightning. For instance, many efforts are now being
made to deduce current-time curves indirectly from observations of the electromagnetic fields radiated by ordinary lightning (e.g., Uman et al., 1973).
Triggered lightning is itself an interesting and
important study; Apollo 12 is proof of that. Figure 6
shows how triggered lightning is—as I have already remarked—much more common and therefore much more
of a threat the taller the structure. Figure 7 illustrates
some famous instances of triggered lightning: a high-rise
building in Moscow; a rocket carrying a wire projected
upwards in a deliberate attempt to initiate lightning;
a depth-charge incident; and the first thermonuclear explosion. Figure 8 depicts some diagrammatic representations of lightning triggered by objects electrically connected to the surface of the earth. Figure 9 is the same
for objects in free flight; triggering has occurred here for

FIG. 8. Diagrammatic representations of triggered lightning.
(Objects electrically connected to ground.)

FIG. 9. Diagrammatic representations of triggered lightning.
(Objects in free flight.)

the Apollo 12 rocket of course, but also for 747 and other
aircraft on several occasions. Almost all instances of
triggered lightning occur, incidentally, when a long
electrical conductor lies within an environment where
the ambient electric field is on the order of several kilovolts per meter (Pierce, 1972).
I have said that we lack much basic data on lightning
and thunderstorm phenomenology. Let me give two
examples. Suppose we have equipment that is sensitive to
a lightning strike in which the current exceeds 100 kA
and we wish to estimate its vulnerability. Some of the
best data on the statistical distribution of lightning currents is plotted in Fig. 10. It is most uncertain at the
important high-current end. Here we are dealing with
the statistics of extremes, and naturally have little data.
Let me commend this next example (Fig. 11) to highschool science teachers in the hope that it will be widely
imitated. Much can still be done in uncomplicated
ways! The results of Fig. 11 were achieved by a combination of very simple instruments and a dense network
of dedicated Japanese observers. Using their watches,
their eyes, and their ears, they recorded the time of
occurrence, the direction, and the distance (flash-bang interval) for all flashes occurring during a local storm.
The data were carefully sifted and the result is this
unique representation of the horizontal separations between successive flashes (Hatakeyama, 1958). Two periods
of ten minutes are shown. The storm as a whole moves
at some 30 km hr~\ and the individual flashes trace
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FIG. 10. Statistics of lightning peak currents.

out a systematic yet irregular pattern. Note that the
average time between discharges is a minute, while the
average distance between successive flashes is 2 to 4 km.
This makes nonsense of some military directives that
operations, potentially vulnerable to lightning but taking
several minutes to discontinue safely, should cease when
a storm is within a mile.

Tralles' discovery attracted much attention. Among
others the great Alessandro Volta was intrigued. How-

4. Theme 3

And now to my third theme. This is that there is still
a place for research of no obvious practical utility,
especially if it does not cost too much. Universities
should concentrate on this type of work. You will recall
that my second theme was that research should be mindful of possible applications; now I am saying forget
about the applications if you can do it cheaply. I could
be accused of self-contradiction; let me draw my answer
from Emerson who once said, "Consistency is the hobgoblin of little minds!"
The electrical effects of splashing water are an ideal
illustration of why we should undertake apparently useless research. In 1786, a young scientist, Professor Tralles
of Bern, Switzerland, visited the neighboring Lauterbrunnen valley and its famous Staubbach waterfall. The
fall is shown in Fig. 12 as it appeared in the days of
Tralles; Fig. 13 is a modern view. By a happy circumstance Tralles, as he stood in front of the Staubbach, had
in his pocket a de Saussure electrometer. He exposed
the electrometer to the mist from the fall and, "to my
inexpressible joy," observed the indicating balls to
diverge. Tralles had discovered waterfall electricity.

FIG. 11. Positions of successive flashes. (Japanese data.)
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ever, waterfall electricity remained an interesting curiosity until Phillipp Lenard, who later won a Nobel
prize, reinvestigated the subject in 1892 and by a judicious combination of field and laboratory experiments
defined its main features. Lenard (1892) is often credited
with the discovery of waterfall electricity although his
paper begins with the statement, "it has been known
for a long time that waterfalls charge the air near them
with negative electricity." The paper by Tralles (1786)
begins, incidentally, with the phrase, "it has been known
for a long time that the atmosphere is spoiled by the
exhalations of man." There is little really new!
My colleagues and I (Pierce and Whitson, 1965) reinvestigated waterfall electricity in Yosemite Valley (Fig.
14). This activity was described by Time magazine
(May 6, 1966, p. 51) in typically picturesque, but also
typically inaccurate, language as a "haunting of the waterfalls of Yosemite." Following this period as one of the
Phantoms of Yosemite, I re-examined Lenard's paper and
realized that many of his laboratory techniques—notably
the production of sprays of various properties—occurred
during the operation of a shower in a modern bathroom.
So bathroom electrification was investigated (Pierce and
Whitson, 1967) and some notoriety was thereby gained.
More to the point, mathematical equations were derived
representing the growth and decay of the electrical space
charge within the closed environment of the bathroom.
In December 1969, the oil industry was shocked by
the massive explosions that occurred in three, 200,000-

ton supertankers. One—the Marpessa—sank. The Mactra
survived although the deck was ripped up as if by a
giant old-fashioned can opener (Fig. 15). The common
feature of the explosions was that the tanks were being
cleaned by massive water jets. Spray electrification leading to a spark that would ignite any residual explosive
mixture was suggested as the cause of the explosions, an
explanation almost certainly true.
It proved possible to predict the electrical environment within a supertanker from a combination of
Lenard's work, the waterfall, and bathroom experiments (Pierce, 1970). Figure 16 gives the results for the
growth and decay of space charge. Shown are the bathroom results; my prediction for the supertanker environment; and the data actually obtained later in some
experiments at the Shell Laboratories in Amsterdam
(van de Weerd, 1971). The quantitative agreement is
good to within a factor of two. The fields produced by
the space charge developed in the tanks are on the
order of those below a thundercloud, about 10 kV/m,
and are thus entirely conducive to a sparking hazard.
The whole sequence of events demonstrates the essential romance of science and the importance of sometimes
doing useless experiments. Waterfall electricity was a
scientific curiosity. The bathroom work could almost be
—and indeed has been—described as frivolous. Yet together they led to the explanation of supertanker explosions, catastrophes of immense commercial significance.
Unfortunately, although the origin of the supertanker
explosions is now established, no simple remedy has
emerged, and the whole distressing story is not yet apparently finished. On 19 January I leave for London to
sit as a member of a Marine Board of Investigation into
the explosion and subsequent sinking of the Steam
Tanker Golar Patricia. This casualty occurred near the
Canary Islands on 5 November 1973. The Golar Patricia
of 216,000 tons deadweight is the largest ship ever
lost at sea.

FIG. 14. Yosemite Falls.

FIG. 15. Supertanker after an explosion.
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FIG. 16. Lenard effect within a closed environment.
5. Theme 4

And now to my last theme: is it time for a new Thunderstorm Projectf When I was completing my Ph.D.
work some 25 years ago, soon after World War 2, the
original Thunderstorm Project (Byers and Braham, 1949)
was in full swing. Some people in this room may even
have been associated with the Project. To me it yielded
a mountain of information on the dynamics of the
thunderstorm, but the electrical results were extremely
disappointing.
I am impressed by the new techniques—sophisticated
Doppler radars and so on—now available for probing
severe storms. We heard of some of these in the last
talk. Our electrical probing techniques have also become very advanced. Since most of these electrical
techniques were developed by radio and electrical engineers they are often not very familiar to meteorologists.
Possibly the time is now ripe to embark on a new
Thunderstorm Project in which all the modern probing techniques are simultaneously utilized. An institution, university or government laboratory, located in the
Mid-West storm belt would be ideally situated to take
the lead in this kind of undertaking. I would envisage a
large-scale but essentially national operation.
6. Conclusion

I have tried to give you some indication of the scope of
atmospheric electricity both in its usual and in its more
exotic manifestations. Let me confess to a sneaking liking
for the unusual. Let me also point out that—of all
places in the world—the Big Island of Hawaii is perhaps
best suited for studies of the bizarre in atmospheric
electricity. There is waterfall electricity as well as its
even more interesting cousin, surf electricity; there is
volcano electricity; there may even be earthquake electricity, a phenomenon the reality and explanation of
which is still undecided. If an atmospheric electrician
dies and goes to Paradise he would be happy if that
Paradise resembled the Big Island. The sole desirable

addition would be perhaps another 5000 ft of elevation on the mountains so as to give us a chance of more
ice in the clouds.
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