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The World Data Centre for Atmospheric Electricity
and
Global Change' Monitoring

by Hans Dolezalek, was a physicist serving as Liaison Scientist at the Office of Naval Research
European Office, London. He is currently specializing in remote sensing (with emphasis on the
ocean), and questions abou! applications of atmospheric elsctricity for global change. Before
this assignment, he acted as a Scientific Officer of the Remote Sansing Program in the Ocean
Sciences Directorate, Office of Naval Research Headyuarters, Washington, O.C.

Introduction

Man is able to disturb the ecological equilibriumn in his
environment, or whatever the situation of nature without
man should be called. This is an old truth; witness the
deforestations in Dalmatia, China, or Spain centuries ago.
The human impact has become more sig.ificant in the last
150 years or so, and even more so in the last 4 or 5 decades.
Today, it is a matter of public concern; indeed, it is a
powerful political argunient. This public concern has led
to emotional public discussions which often lack sound
scientific basis. Catastrophic developments with a
perceived threat to the well-being or even survival of man
or species of plants or animals have been predicted and
contradicted, not only in the public press but also in
scientific journals and in declarations of political bodies.
Inaddition, there are statements that the natural equilibrium
may not be as stable as it was assumed before, and thus
more vulnerable to human activities. These statements
have also been contradicted. Powerful political,
corporative persons and bodies have switched sides in this
diccussion, or have gone from optimism and activity to
pessimism and despair. Considerable amounts of money
have bzan allocated by governments to either further
investigate the ecological situation or to do something to
reduce any potential threat. Research programs for such
investigations abound on many scientific and organizational
levels,

There are few doubts that mankind needs a system to
monitor on a continuing basis the ecological sttuation often
cited under the name global change. Data collection efforts
should be continued, and new and weli-prepared efforts
started. The continuation of older efforts is especially
valuable when the observations began before human
activity rose to the present scale.

The older data acquisition systems often lack the
reliability or precision we desire or need. They often did
not aim directly at the most important parameters. In such
cases, we must investigate how they still can be made useful

YAn umbrella for all present efforts to monitor and evatuate
the potential for world-wide chmatic change partially caused
by human activities. The "greenhouse™ effect, ozone hole,
ocean warming, are part of Global Change.

for modern purposes of global change monitoring. At the
same time, the systems must be planned so that reliability
aad precision correspond to modern requirements and
possibilities, but also continue to provide data that can be
compared with the older collections.

A worthwhile endeavor may be to identify institutions
where continuous data recordings have been storcd.
Decades ago, it was a general practice never to destroy
measuring data. Although stcrage is easier and cheaper
now, data is commonly destroyed. We hope to find older
data collections that could be useful for global change
purposes, especially if modern storage methods can be
applied to them. The most likely place to find older data
is where there has been steady scientific financial support
for research; i.e., less dependent on producing quick
results.

In the search for desirable new data systems, unorthodox
indicators may have a value that was formerly
unrecognized. They may provide some benefits to global
change investigations. Particularly interesting are data
systems that integrate the whole earth; i.e., providing
global information from one or a few measuring points.
Locally obtained data that represents only a smaller area
will still be important for that area. However, when truly
integrating data are not available, we must resort to a global
integration of local values. In any case, they sometimes
may be used for calibration.

Amplifying elements can have special merit because
parameters important for the judgement on global change
often undergo only very slow and slight variations with
time. We may want to look for processes (or "trigger
processes”) in which small causes can have large
consequences.

The points made in this introduction about old data
systems and new requirements may or may not apply to a

) . 0
somewhat neglected field of environmental
science--atmospheric electricity. -
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Global Change Monitoring and
Atmospheric Electricity

We are not surprised that scientists looking at what is
often called Earth System Science have asked whether
atmospheric electricity could be expected to make a
valuable contribution to monitoring world-wide
environmental paiameters; e.g., in a meeting of the
International Council of Scientific Unions' ad hoc planning
group in April 1986. Asking such questions seems to be
natural. The atmospheric electricity literature abounds
with papers on relationships between the electrical and
other parameters of the atmosphere. We would have to
write a book to try to reproduce these diccussions. Not
doing this, but describing this discussion in general would
deny credit to many colleagues who should be credited.
Instead, we begin our present consideration by seeing the
situation from the point of view of the global change people
who are not versed in atmospheric electricity details.

The global circuit of atmospheric electricity, in all its
parts, is influenced by meteorological processes. These
influences are incorporated in the current that flows in the
global circuit. As the electric conductivity of the
troposphere and the stratosphere is so much lower than that
o the ground and that of the ionosphere, the potential
aifference between these two highly conductive layers
indicates the strength of the global circuit current and its
variations with time. In measuring the electric field or the
air-earth current density at any one station (which in turn,
are both indicators of that potential difference), we may
obtain information about those meteorological processes
that, world-wide, produce the influences on the global
circuit current. At the same time, the data obtained by
measuring the electric field and/or the air-earth current
density are also influenced by local events at and above the
measuring stations. These events may be generators for
local electric circuits or may cause variations of resistances
in the circuit. Therefore, we must basically consider that
in the data thus obtained, we are witnessing influences both
from processes that occur on the whole globe at the same
real time, as well as from purely local events. If the
scientists in atmospheric electricity had a chance to separate
these shares, we might have a tool of significance for global
change problems. This possibility is a topic of discussion
and doubt.

Also, atmospheric electricity data can be sensitive
indicators of other processes in the atmosphere. For
example, the number density of fast ions is used as a
nonspecific (i.e., integrating the effects of all ionizing

sources), but a very sensitive, simple, and relatively cheap
indicator of atmospheric radioactivity. Agsin, many
related papers have been published’.

Evaluating the present situation from this vantaye powt,
we can perceive three main approaches from atmospheric
electricity to the global change monitoring effort.

1. Measure local parameters at many places and attempt
meaningful integrations for the results over areas of
global importance, optimally for the whole globe

2. Measure local parameters and follow local processes
at locations where they may be representative for large
global areas; expectation is that this will be the case on
the oceans far from the shorec

3. Find global shares in local measurements and derive
global information from a rather small rumber of local
stations.

As indicated above, literature is plentiful. Especially
for approach 1; it begins almost with the 20th century, is
at least briefly summarized in Israel (1973, p. 393, Secular
Changes, p. 401 Anthropogenic Influences), Landsberg
(1977, his banquet address in 1974), and (in a different
manner) Dolezalek (1978). Approach 1 is discussed in
much detail throughout the textbooks of Chalmers (1967)
and Israel (1970, 1973) and in the proceedings of the eight
international conferences on atmospheric electricity (see
page 10). However, we are confronted with a problem of
significant complexity (see Reiter 1984). We may also
expect that the work done by Tammet and coworkers in
Tartu will produce important insights (see Dolezalek 1991).
Local radioactivity as well as the potential for global
radioactivity changes, including the krypton 85 problem
(Boeck; e.g., 1977), will be reflected in atmospheric
electricity data.

Approach 2, too, has experienced attention, especially
in oceanic measurements of atmospheric electric
conductivity, or the number density of cluster ions (also
called "fast” or "small" ions); e.g., the papers by Gunn
(1964), Miihleisen (1968), Cobb and Webb (1970), Cobb
(1973), and Morita and Ishikawa (1977).

While approaches 1 and 2 deserve a new critical
evaluation for the immediate purposes of global change
monitoring, including designs for practical application,
approach 3 is the most difficult but potentially the most
useful. The recent interest in global change monitoring by
atinospheric electricity seems to be concentrating on this
approach. Individual aspects have been considered now
and then in the past; e.g. see Markson (1977).

ze.g., recently: Israelsson and Knudsen (1986), Warzecha
(1987), ar.d Retalis and Pitta (1989).
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A first general discussion on global change aspects of
atmospheric electricity took place at the Eighth
International Conference on Atmospheric Electricity
(8CAE), held in June 1988 in Uppsala, Sweden (Lundquist
1988). There was a specific day dedicated to a general
discussion of this issue (not in the proceedings). During
the main meeting, there was one particular paper
(Dolezalek 1988) and several other papers not dealing
specifically with global change problems but presenting
related scientific facts (e.g., Markson 1988, Morozov and
Selezneva 1988, and others). Since then, the ICAE has
initiated a Global Atmospheric Electricity Measurement
program (GAEM) (Reiter 1990).

An ad hoc idea presented at 8CAE (but not yet
investig ted in any scientific sense) is the speculation that
by measaring the total electrical resistance between
i sphere and ground, one could obtain an immediate
measure of the total aesrosol burden of the earth's
atmosphere (Dolezalek 1988). Recently, another
hypothesis was nresented in depth by Williams and Renno
(1991). They ».ygest that the Earth-ionosphere potential
difference is a parameter :"at nonlinearily depends on the
warming or cooling of she Earth's atmosphere. There 15
the problem involved that w. have no confirmed knowledge
on the quantitative relation.hip between lightning
occurrence and Earth-ionosphere potential difference. A
recent paper by Earle and Williams (1991} discusses one
important aspect of this problem. Nevertheless, it is
interesting to see these two suggestions together. If the
total atmospheric resistance changes, the Earth-ionosphere
potential difference will also change even while the global
thunderstorm activity remained the same. The purpose of
this paper is not to investigate these and other relationships.
I mention them here because they demonstrate the
complexity of the tasks ahead.

Establishment of a "global lightning index” and of a
"global atmospheric electricity index" has also been
discussed and will remain of central interest.

Existing Institution

Atmospheric Electricity at the Main Geophysical
Observatory St. Petersburg. The A.I. Voeikov Main
Geophysical Observatory (MGO) in St. Petersburg, under
the former U.S.S.R. State Committee for
Hydrometeorology, was founded in April 1849 on the basis
of regular instrumental meteorological measurements. The
Academy of Sciences in St. Petersburg started the

measurements on December 1, 1725. There are about 30
"Doctors” and 150 "Candidates” on the staff of the MGO,
among them were several members of the former U.S.S.R.
Academy of Sciences’. Among its 12 basic departments,
one is for atmospheric electricity with about nine scientists.
There is a meteorological library of more than 400,000
volumes. A high level of publications is maintained. In
the 18 years preceding 1976, 306 volumes of the MGO's
own proceedings, 91 monographs, 33 conference
proceedings, 6 atlases, 23 reference books, and about 40
types of technical literature were published. More
information is to be found in Borisenkov (1977).

Professor Evgeniy P. Borisenkov, the director of the
MGO, told us on our visit in October 1990 that many years
ago when MGO had begun to collect data on atmospheric
ozone, he was asked why. Then, he said that one day these
data might be valuable. Well, that day came some time
ago; his efforts have been vindicated. He told us this story
during a discussion on collecting data from atmospheric
electricity.

The science of atmospheric electricity, often treated in
university courses as a rather simple scientific topic, is a
complicated and little-understood field. This science is full
of interesting problems, many of which can teach us some
lessons to be applied in other environmental research. In
the past, an impressive number of famous scientists have
been interested in its questions and solutions. In recent
decades, however, interest has waned and government
support with it. This is so because, except for lightning
research, practical applications have hardly been
recognized. This is a kind of death sentence in a period in
which the more immediate payoffs are more valuable.
Accordingly, fewer young researchers were entering this
field and some experienced researchers had to move into
other fields. Thus, the so-called "fair-weather” branch of
atmospheric electricity was deprived of much needed
leadership. No comprehensive text book has been printed
after Hans Israél's (1970, 1973). This is regrettable. We
know now so much more and nowadays such a book would
probably emphasize the currents more and the electric fields
less, thereby changing the basic attitude.

Fortunately, for the sake of the modern global climate
problems, routine collection of measuring data has been
continued at one specific place, providing an unbrohen
record of developments over the last 3 decades (and thus
spanning a period of rapid expansion of potentially
damaging human activity): in St. Petersburg.

3Accordmg to a general opinion among scientists in the
former U.S.S.R., their Doctor's degree is about equivalent to
the German "Dr.habil,” while thewr Candidate degree s
comparable to the American Ph.D. If a Candidate has a
business card in the English language he may call himself a
doctor, but not so in the Fussian version of the card.
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Within the MGO framework, atmospheric electricity
work in theory and experiment has had a long tradition,
including a large amount of measurements from aircraft
covering all specific domains of this science. The list of
books and scientific papers produced by the scientists

working there on atmospheric electricity, is certainly
longer than that of any other related institution in Europe.
The late I.M. Imyanitov is well remembered by the world
community. Among the many books he wrote, the one on
instruments is the still the most comprehensive one.

The World Data Centre of the World Meteorological
Organization on Atmospheric Electricity

Historical Survey*

in 1962, the World Meteorological Organization
(WMO, now an organization of the United Nations),
recognized the need for the collection and publication of
data from physical meteorology (WMO 1962). On July §,
1963, the Chief of the Hydrometeorological Service,
Academician E.K. Federov, decided, "In accordance with
the proposal of the Soviet Geophysical Committee to
entrust the Main Geophysical Observatory with the
function of the Special Centre Data on the Atmospheric
Electricity.” The decision is incorporated in the Order of
the Chief of the Hydrometeorological Service Under the
Council of Ministers of the former U.S.S.R. N 125 dated
August 7, 1963. During its fourth session, July 6-19, 1965,
the WMO Commission for Aerology formed a working
group (L. Koenigsfeld, chair) to determine which
atmospheric electricity parameters have more than local
interest and should therefore be collected and published
centrally (WMO 1965). In 1965, the World Data Centre
for Atmospheric Electricity (WDC/AE) officially began its
operation within the MGO. The first monthly report was
published in 1966, containing data beginning in January
1964. Publication has continued uninterrupted since; its
most recent issue was in June 1989.

A short description of the WDC/AE was given by
Kolokolov (1981).

The publication of the data is done in the form of monthly
bilingual brochures (in English and in Russian). The
standard tables for data measured at ground stations follow
the atmospheric electricity tradition. For each measuring
station, there is one table per month for one parameter.
Horizontally represented are the hours of the day 00-24,
vertically the days of the month 1-31, each block giving the
average of the paramcter for that hour. Thus, each table
contains 24 x 31 = 744 values maximum. The number of
parameters per station depends on what that station reports;

“The dates and sources for the histoncal survey and the
statistical data used elsewhere In this section were kindly
provided on January 31, 1991, as a panvate contnbution from
Ya.M. Shvarts of the MGO.

that means in general, which parameter it measures. The
parameters included are (in sequence of the frequency of
inclusion) electric field intensity, positive and/or negative
polar conductivity, air-earth current density. Some stations
(for example, Helsinki and Macerata) apply the Closure of
Ohm's Law for the selection of the data to be published.
All also report summaries of the meteorological elements
that are important for atmospheric electricity. For that
purpose, there is a special system of symbols, explained in
each issue. Occasionally, the WDC/AE received
additional data for a month for which an issue had already
t -en printed; then a special addition was published. This
was done about 20 times.

When possible, special issues are distributed with
aerological atmospheric electricity data from aircraft or
radiosonde measurements. Eleven such issues exist from
1964 to 1975, the last one reporting Japanese aerological
data.

What do these tables actually present? Ten stations
provided monthly data for more than 20 successive years,
one more station for more than 10. The reports are
distributed to about 25 addresses in the former U.S.S.R.
and 50 outside. At present, data are submitted from the
following stations:

* The former U.S.S.R.: Dusheti, Irkutsk, Kara-Dag,
St. Petersburg (Voeikovo), Odessa, Sverdlovsk
(Verkhnee Dubrovo), Tashkent, South-Sakhalinsk
(8 stations)

¢ Other countries: Helsinki, Finland; Swider, Poland;
Macerata, Italy; Lisboa, Portugal (4 stations).

There are other potential stations in Europe that
instrumentally should be able to provide continuous data of
this kind. Their administrators could be expected to
contribute if the collection of such data is affordable and in
their interest’,

5See Appendix |.
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The WDC/AE collects and examines these data and goes
back to the providing stations for more information if
required. For any useful data examination, the
characteristics of the stations must be known. The
WDC/AE has descriptions from the following stations:

* The former U.S.S.R.: Borispol, Dusheti, Irkutsk,
Kara-Dag, St. Petersburg (Voeikovo), Murmansk,
Odessa, Sverdlovsk (Verkhnee Dubrovo), Tashkent,
South-Sakhalinsk

* Other countries: Helsinki (Finland); Swider
(Poland); Macerata (Italy); Lisboa and Porto
(Portugal); Kew, Lerwick, and Eskdalemuir (U.K.);
Dourbes (Belgium); Athens (Greece).

I do not know the scope and organization of these
descriptions. Rather stringent requirements must be
developed for application of the data for global change
monitoring,

Five stations have provided for at least 1 year hourly
data on all three basic parameters (electric field, both polar
conductivities, and air-earth current density), so that the
closure of Ohm's Law could be tested,

Extensive scientific evaluation of the collected data has
taken place. There are now 33 papers essentially based on
the WDC/AE data (all but three in Russian), and 26
additional papers using data from the WDC/AE extensively
(all in Russian). Also, it is estimated that about 10
additional papers used some data from the WDC/AE, but
there is no list.

As indicated above, any substantial evaluation of the
existing and future data for global change monitoring
depends on the availability of the data in a computer-usable
form. That was not the case with the monthly reports
published so far. The WDC/AE has begun to convert all
the data from the tables; i.e., from 1964 on, into digits on
magnetic tape or diskettes. At present, we do not have an
estimate on the completion date for this job. For the future,
a system should be found by which providing stations
submit their data in a form directly usable by the computers
in the WDC/AE. This will require agreements on
standards. The station in St. Petersburg is already
automated to a certain degree and that effort continues,
One goal would be to have the output on 5.25-inch diskettes
in ASCII form.

Below, I will present a more detailed discussion on this
essential effort to use parameters from the atmospheric
electricity global circuit for the monitoring of global change
siatus and processes. An effective program, dedicated
sciestists, and much work will be required. The program
is the best evaluation of the data already collected, and those
to be colfecicd, and as one way to produce a tool as soon
as possible for the acquisition of needed environmental
information.

Potential of a World Data Centre for
Atmospheric Electricit y6

A Question of "Raison d'étre." In Garmisch-
Partenkirchen 1974, Derek R. Lane-Smith voiced concern
about the significance of atmospheric electricity data
beyond their local validity (Lane-Smith 1977), That was
not the first time such doubts have been heard. Ralph
Markson in Uppsala, Sweden, (1988), presented facts and
factors that indeed support Lane-Smith's statement.

These opinions obviously contradict the findings of the
WMO Commission for Aerology (Louis Koenigsfeld,
chair) on July 19, 1965 (WMO 1965). A WDC/AE could
hardly be justified if the concerns indicated in the previous
paragraph would indeed be fully true. A strong factor for
a conclusion that those concerns are not fully valid, is given
by the existence of the Carnegie curves and by Paramonov's
analysis (1950). Dolezalek's critique of the classical
picture of atmospheric electricity (1972), sometimes
misinterpreted as an attempt to discredit it, was not so
intended. The paper on results from the WDC/AE that
Shchukin et al. presented in Uppsala, Sweden (1988),
supports a conclusion that there are good reasons for
WDC/AE's work. At the Uppsala conference, there were
additional papers that deal with closely related problems
(e.g., Tammet 1988b). It is expected that at least some of
the 33 papers (mentioned above) based on data from the
WDC/AE may also support the conclusion on the
usefulness of the WDC/AE; they are mostly unknown
because of the language barrier. [ am afraid, however, that
neither they nor the one by Shchukin et al, will specifically
respond to the critiques of Lane-Smith and Markson
mentioned above. To this end, other efforts will be
necessary, and I will discuss them below.

5In our present discussion, we leave out the measurement and
data handling of the "Maxwellian Current”; i.e., the sum of
the densities of the conduction and displacement currents.
This 1s potentially a very important parameter {(see Ruhnke
et al 1983), but the time resolution of data acquisition,
handling, storage, and distnibution i1s so different from the
practice applied in the present WDC/AE tha* an inclusion
(1) would be very extensive, and (2) not directly influence
the data collection as 1t exists and is to be continued.
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Defined Indices and Databases. As centrsl elements
of the atmospheric electricity globat circuit, we consider
the global thunderstorm activity and ¢he vote atial difference
between the iouosphere (more exactly, the atmospheric
electricity equalizing layer) and ground. These two
elements are to be assessed in the form of a "globat lightning
index” for the thunderstorm activity, and a "global
atmospheric electricity index* for the earth-ionosphere
potential difference in moderate latitudes. According to the
classical picture of atmospheric electricity, there is a direct
(but not necessarily linear) connection between these two
indices. So far, we do not know their relationship in
quantitative terms nor which alien factors may interfere,
and therefore must establish these two separate indices.
For the remainder of this document, I leave the "global
lightning index " aside so that it can be discussed elsewhere.

In addition to these central elements, we are also
interested in the development of local situations over time.
The conductivity and the content of the various types of
ions are our main concern. This is why we group them and
potentially others under the term “local air electricity
database" for any given station.

Parameters and Data fer Ground Stations

Parameters of Interest. For the establishment of a
"global atmospheric electricity index" and of a "local air
electricity database,” four groups of parameters are of
interest,

1. Air-earth conduction current density
2. Electric field

3. Positive polar conductivity

4. Negative polar conductivity.

Supporting parameters are:

* Closure of Ohm's Law

* Jon number mobility spectrum or its constituents such
as ion number densities, including cluster ions,
condensed ions, and aeroso} ions

* Space charge densities.

Environmental Parameters Are General or Specific
Meteorological Elements. General elements are essential
for all atmospheric electricity ground measurements such
as absolute humidity (water vapor pressure), air
temperature, precipitation, wind velocity, aerosol
spectrum, cloudiness, general local brightness,
atmospheric stability aloft, air turbulences. Specific
elements are those that are essential for 2 given station such
as wind direction, ion sources, space charge sources,
aerosol sources. Although desirable otherwise, there will

probably be only a few stations that cover all the parameters
listed here, but even stations that cover only one will not
necessarily be excluded from our interest. This seems to
be the actual situation that will determine the WDC/AE
coverage of parameters.

Availability and Reliability of Own and Alien
Historical Data. The historical data of the WDC/AE from
January 1964 are available there. It cannot be expected that
the selection of a measuring site, the selection of the
parameters and marginal data to be recorded, and the
applied care for accuracy, precision, and reliability have
been optimum for modemn global-climate investigation
requirements. There are two performances to improve the
chance to obtain useful modern knowledge in spite of such
shortcomings. One is to start colizcting additional
information from the stations from which the data have been
collected. The other is a careful investigation in which
manner the collected data could be made indirectly usable
for modern purposes. For the first procedure, all stations
having, at any given time, provided significant data to the
WDC, might be asked to provide extensive station
descriptions and also station histories unless they have
already done so. In Suggested Requirements for Station
Descriptions ~nd Histories’, we submit points for such
station descriptious and histories. For the second
performance, we distinguish between aiming at global or
regional information, For both, it might be useful to
consider several stations at once. Which missing
parameters can be approximated by a combination of other
available parameters? Which shortcomings in accuracy
might be overcome by using a large statistical population?
Is it possible to 1ecognize and then eliminate significant
bias? How can the optimum individual data be selected for
a meaningful averaging (for example: is it, for a given
station, practical to use only night values because at that
station day values had been more heavily disturbed; or,
should hours with certain wind directions be excluded?).
Are absolute values or variations more meanirgful for
averaging in certain cases? Here, these few examples may
be sufficient. Obviously, many more similar considerations
will be needed to make optimum use of older data.

For the availability of alien historic data, an
in. estigation could be made where such data are still kept.
The Camnegie Institution in Washington, D.C., is one such
place; others may be the observatories in Kew (records now
in the library at Bracknel!} and in Potsdam. Large libraries
may still have collections of in extenso data (11GO's library
is one candidate; the U.S. Naval Research Laboratory,
Washington, D.C., may be another). Books may contain
tables of data or indications of other sources®.

’Ses Appendix Il.
For a discussion of this problem see Appendix lll.
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Digitalization of Data. Evidently, (see, among others,
Tammet 1988, p. 31) data collected only in the form of
printed tables cannot be analyzed to the necessary degree
because their manual evaluation would be too expensive.
Therefore, it is highly desirable that all previous and new
data should be digitized and become available in a form
useful for computer evaluation. The scientific comnunity
can be grateful that this is being done in St. Petersburg for
the WDC/AE data. Further economizing of the collection
and use of data could be achieved if the stations would
provide these data to the WDC in a computerized form. To
do this, certain minimum standards must be agreed on that
are binding for all stations. Because many, if not most,
stations already store their own data in a computer-
compatible form, such standardization could be made more
easy, respectively, more complicated.

Standardization. An agreement on standardization
should be reached as scon as possible, led by the WDC/AE
with participation by the data-providing stations and
scientists interested in using the data, Some preparatory
work is needed, An ad-hoc suggestion would be to use
5.25-inch disketies and ASCH format (including
abbreviations for the meteorological parameters; cach
diskette would contain information about how it is to be
used). Moreover, it might be advisable to learn how other
WMO data centers are handling this, and to follow their
example as much as possible. Many potential users will
have worked with data from other centers. In April 1991,
H. Tammet (personal contrib: ‘ion) already produced the
basics and the beginning of such an effort. A workshop to
prepare such an agreement might be held very soon, with
the goal that the final agreement can be resolved during the
Ninth International Conference on Atmos; heric Electricity
ir 1992, Probably the initial initiative for a workshop
should come from the WDC. The Office of Naval Research
European Office may be able to assist with workshop
financing. There may be several other standardization
necessities, The standardization of station descriptions
should be rather easy (see Appendix Il on suggested
requirements for station descriptions and histories).
Information must be available about the meteorological and
electrical climate of the station, measuring methods, kinds
and placements of the antennae, and instruments used for
data acquisition and handling. This could be a possible
additional workshop topic. Much more difficuit would be
creating the necessary agreement on the types of
instruments, their performance, and (a topic of special
difficulty in atmospheric electricity) the selection of useful
data. The complexity of this problem and some ideas for
a somewhat different procedure are outlined elsewhere’.

%See Appendix IV.

Parameters and Data for
Aerological Measurements

Here, all the possibilities and proposals for measuring
the “ionospheric potential” from instruments carried aloft,
should be included; i.e., radiosondes, captive balloons and
aircraft, maybe even kites. The WDC/AE could work with
Dr. Ralph Markson to -iraft a system analogous to the one
discussed above for ground-station data (e.g., the station
description is replaced by an aircraft description), An
important question arises. Is it possible to make all suitable
data available to the WDC/AE acquired by aircraft
instrumented for atmospheric electricity?

Concluding Statements

Wider Publication of Pust Scientific Results. To
make the work of the exi.ting WDC/AE more generally
known and to stimulate more participation in cooperative
possibilities from countries outside of the former U.S.S.R.,
it is desirable to distribute knowledge on scientific results
obtained with the help of the WDC/AE. Except for only
3, the 33 + 26 scientific reports mentioned above are all
in Russian, While it would be unrealistic to atempt to get
them all translated into English, French, or German,
somebody in St. Petersburg might be willing to write one
or several summary reports on the results contained in these
59 papers. Such a summary report could be published;
e.g., in Meteorology and Atmospheric Physics, together
with the full and updated paper by Shchukin et al. (1988).
Reprints can then be distributed to interested institutions.

The Central Role of the WDC/AE. If the tasks of a
WDCI/AE are to be conducted with expertise, energy,
motivation, and flexibility, it is necessary that the scientists
involved are (and remain) researchers and do not become
data administrators only. The WDC/AE cannot help but
become the leading institution for the establishment and
further development of the methods to be applied by the
recording stations that produce the data. Looking at the
example established by Imyanitov, the Atmospheric
Electricity Group at the MGO should be able to fulfill these
obligations,

Following is a possible outline of their work:
* Define the kind of results to be produced by

WDC/AE that would be most beneficial for the

promotion of related research and/or for practical

applications

¢ Determine how the WDC/AE could produce these
results with the required reliability and accuracy,
including the necessities for the measuring stations
providing the data
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* Find, define, and (when appropriate) make known the
shortcom::-gs that impede the provision of adequate
data; i.e., data that meet the requirements for the
theoretical understanding of atmospheric electricity
and/or for its measuring techniques

* Regarding global change monitoring approach 1 (see
page 2): find a secure basis upon which still unknown
theory should be developed; investigate earlier
attempts to solve the problems; circumscribe these
problems as accurately as possible (set out to solve
them or bring them up for discussion at conferences
or in the literature)

* Regarding global change monitoring approach 2 (see
page 2): define the parameters for which the
techniques must be improved; list the sequence of
their potential for improvement and of urgency

* Determine which of approaches 1 and 2 can be done
by the MGO; try to find other agencies for the rest;
do the necessary and possible experimen.s.

A careful theoretical study, based on many older
considerations and hypotheses, is needed. Focus would be
to find out under which conditions the global and local
shares in the measurement of the air-earth conduction
current density can be separated from each other, using one
or several stat:ons.

To successfully approach the tasks involving measuring
techniques, it may turn out to be desirable that the
WDC/AE should install, and run within the MGO, a
pioneer sta*’ ... for atmospheric electricity global circuit
measurements. To this end, the problem of the correct
measurement of the air-earth conduction current density
should be attacked by a series of experinients at a suited
location. The most important and urgent measurement
problem is the execution and conclusion of an investigation
of the classical methods to record the conduction current
density, to evaluate modern proposals for a different
system, and to learn how to relate them to each other in
quantitative terms. Suggestions are given in a special
document'°.

We are trying to look at the research problems existing
in this area from a global point of view. We are well aware
that within the 20th century many excellent scientific efforts
have been executed with good, but only partial results. We
think that none of them could be carried through on a
sufficient scale and long enough to produce the necessary
solid result. Now, there dees not seem to be any incentive
for brilliant young scientists to enter this field. This 1s
unfortunate because we know that this domain 1s full of
exciting challenges and rewards.

195¢¢ Appendix V.

The MGO has accepted the task to run the WDC/AE,
wants to do it right, and to the best benefit of the scientific
community and all mankind. We should acknowledge that
no other place exists that could do the work better than the
MGO. Other stations have done much of the work already.
I refer to the work done at Buchau, Aachen, and elsewhere
under the leadership of Hans Israél, the work at Naval
Research Laboratery, Bhartendu’s work in Canada, and
others. None was based on MGO's tradition, and nearly
all of them stopped working long ago. One exception is
Reinhold Reiter. His new book (Reiter, 1992) promises to
provide many data urgently needed for the purposes
indicated in this paper. The MGO has an ideal location for
the field experiments, its staff is large enough, and it is led
by scientists motivated to do basic research of quality.
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Appendix I

Notes About Atmospheric Electricity
Global Circuit Stations in Europe

. Atmospheric Electricity Stations in {Western) Europe that
recorded global circuit elements after WW il {compiled from
memory, incomplete).

*1991-stiil in operation

Sweden: o Uppsala*
Finland: o  Helsinki*
o Kevo*
UK.: o Eskdalemuir
o Kew
o Lerwick

West Gormany and Swiss Stations Operatsd from FRG
Group led by H. Israsl

a  Aachen o Bnssago (Isole di)

o Buchau o  Gornergrat

o  Freiburg o Jungfrauvjoch-Sphinx
o Konigstuhl o  Jungfraujoch-Institute
o Niirburg o Lumo

o Payerne o  Sonnblick

o  El Salvador (San Salvador)

Group led by R. Mihleisen

o  Waissenau*
{plus expeditions on oceans)

Group led by R. Reiter

o Garmisch-Partenkirchen FhG-Institut

o  Garmisch-Partenkirchen Skistadion

o  Garmisch-Partenkirchen Farchant

o Garmisch-Partenkirchsn Miillarstrasse*
o  Garmisch-Partenkirchen Wank*

o  Zugspitze

o  Zugspitzbahn

Belgium

o Uccle

o Dourbes
o  Ardennes {exact name unknown)

Switzerland
o Aarau

o Payerne
Portugal

o Lisboa*
o Porto
Italy

o  Macerata®
o Vensua
Greece

o Athens*

Note for stations in Eastern Europe refer to list mentioned in main text lp 4 §)

2. Stations or Potentiai Stations in the same area for which
the World Data Center for Atmospheric Electricity in
6t. Petersburg dnes not have a station description and
from which they do not get data.

Active
Garmusch-Partenkirchen, Miillerstrasse, and Wank, FRG
Address

Dr. Reinhold Reiter

Fritz Muller Strale 54

D-8100 Garmisch-Partenkircnen
Federal Republic of Germany
Telephone:  +49 (08821) 57445
Telefax: +49 (08821) 52382

Approxtmate focation

47.30°N, 11.,05°E
Wank: 1780 m aSL
MillerstraBe: 740 m aSL

Recorded parameatcrs

Wank mountain peak

Atmospheric electiicity fietd: radioactive
collector, simultaneously with high and
with low sensitivities

Current density: Wilson plate antenna, with
high and low sensitivities simultaneously

Air conductivity: positive polar only

Temperature

Rslative humidity

Wind velocity

Sky bnghtness

Precipitation.

Miillerstrafle

Atmospheric electncity field: radioactive
collactor & field mill

Current density: wire antenna & Wilson
plate antenna

Air conductivities: + & -

Cluster ion densities: + & - in preparation)

Point discharge current

Precipitation current denstty

Temperature

Relative humidity

Absolute solar radiation

Sky bnghtness

Precipitation rate and amount

Wind velocity

Aitken nucleus number density.

Data processing

Automatic data processing on Wank peak with
vanable time resolution up to 1 value/second,
based on high-r.ecision uming (controlled by
Physikalisci- Technische Bundesanstait). 0 ata
transmission from Wank to Mullerstralle b ¢
telecommunication. Storage on computer hard
disk. Variable data processing.
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Research objectives

Special investigations on relationships betwean
atmospheric electricity and weather under
consideration of the height difference between
the * vo stations (about 1.1 km), Studies in
soiar/terrestrial relationships mainly on Wank
peak. Solar-geophysical data from
URSi/Darrnstedt, FRG, are continuously
available via BTX communication.

Active
Woeissenau/Ravensburg, Germany ({list incomplete)
Address
Dr. Hans Hofmann
Astre jomisches Institut d.Universitét Tibingen,
Aussenstelle Weissenau
Rasthalde
D-7980 Ravensburg-WeiBsnau, FRG
Telephone: +44 (0751) 61-321
Approximate location

47.50°N, 9.32°E
estimated 400 m aSL
Recorded parameters

Atmospheric elactricity field

Air ¢ ,nductivity: + & -

Data processing
Recordings of last 5 years evaluated
research activities: 10 kHz sferics,
thunderstorm locations for 120 Km and
1,000 Km, lightning counts, Work is
expected to continue for 2 more yeatrs,
thereafter, it is uncertain.

Active
Tahkuse, Estonia
Address

University of Tartu
Air Electricity Laboratory
18 Ulikooli Street
Tartu, Estonia
Telephone:  +7 (01434) 35-383

Telefax: +7 (01434) 35-440
Telex: 173243 TAUN sU

Professor Hannes Tammet
Field Station Tahkuse

Approximate location
68°N, 25°E
less than 50 m aSL
Recorded parameters

Atmaspheric electncity field
The total ion regime: hightning occurrence in
two ranges of distance.

Inactive
Uppsala/Marsta Observatoriet, Sweden
Address

Dr. Edgar Knudsen
Marsta Observatoriet
Moateorologiska Institutionsn

Uppsala Universitet

Box 516

$-75120 Jppsala, Sweden

Telephone:  Institute- +46 (018) 53-67-58
Observatory- + 46 (018) 36.71.20

Telefax: +46 (018) 54-47-06

Telex: 76024 UNIVUPS S

Visitors address: Kyrkogardsgatan 6

Approximate location
59.55°N 17.38°E, estimated 100 m aSL
Recorded parameters

This observatory did not operate for a few vears;
there are plans to reinstall after availability of
suitable computer facilities.

Atmospheric electricity field

Air conductivities: + & -

Current density: inoperative

Space charge density

Maxwellian current by long antenna

Lightning receivers.

Presently recording

Temperature

Relative humidity
Pressure

Visibility

Windspeed and direction
Hours of sunshine
During daytime: clouds
Precipitation.

Research tasks

Theory of charge generation, acoustic
propagation in the atmosphere, atmospheric
olectricity measuring instrumentation, theory of
the "fair-weather condition,” standardization in
atmospharic electricity, effects of obstacles
above ground, relationship wind/space charge,
meteorological problems,

Inactive in recording, but possibly interested in future:
Toulouse, France
Address

Dr. Serge Chauzy

Université Paul Sabatier

118 Route de Narbonne

F-31062 Toulouse CEDEX, France
Telephone:  +33 61.55.65.84
Telefax: +33 61.55.31.20

Approximate location

43.33°N, 1.24°E
estimated 500 m aSL.

Research objectives

Research activity on thunderstorm electrical
problems, n particular atmospheric electric
conductivity under thunderclouds. Expertise
and interest for recording of global circuit
elements, but at present no such possibility.
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3. Stations that provide data to the World Data Center Recorded parameters (since 1977)
Ather:s, Greece Electric field (radioactive collector)

National Observatory of Athens
Institute of Meteorology and Physics of the
Atmospheric Environment

Address

Atmospheric Electricity Station
P.0O. Box 20048

H-118 10 Athsns, Greece
Telephone:  +30 (1) 345-6257
Telefax: +30 (1) 342-1019
Telex: 215530 OBSA GR

Dr. D. A. Retalis
Approximate location

37° 58' 30" N, 23° 40' 15" £, 107m aSL,
on the rather flat top of Nymphs Hill in the
center of Athens, about 30m higher than
surrounding city.
Established 1965, since 1968 measuring all main
atmospheric electric fair-weather parameters.

Field, air-earth current density, polar conductivities,
small and large ion number densities. Average
closure of Ohm's Law varies from 1.1 in May

to 2,1 in December; annual value-1.4, Annual mean
of thunderstorm days averaged over 80 years-18.

Meteorological parameters (air temperature, relative
humidity, wind speed) plus smoke (filter method) and
sulfur dioxide (titration) are recorded,

Planned additions: Ground-flash lightning location
system, disturbed weather atmospheric electric
parameters, recording of Maxwell current density.

Still inissing: automation of measuring systems.

Helsinki, Finland

Address

Finnish Meteorological Institute

Department of Geophysics

P.O. Box 503

SF-00101 Helsinki, Finland

Telephone:  +358 (0) 1929-513;
switchbd: 1929-1

Telefax: +358 (0) 1929-539
Dr. Tapio J. Tuomi
Location

Helsinki-Vantaa Airport, 17 Km north of
Helsinki center.

Approximate location
60° 19' 32" N
24° 57° 55" E
53 m aSL

Air-earth current density {(horizontal plate)

(both in large horizontal grid ca. 1 m above
ground)

Positive & negative conductivity {(Gerdien 1.3 m
above ground) visibility, other meteorological
parameters.

Kevo, Finland

Address, telephone, scientist in charge same
as in Helsinki

Location
69° 45' 19" N
27° 00' 48" E
94 m aSL
Recorded parameters {since 1980)

Electric field (radioactive collector)
Air-earth current density (horizontal plate) both
on horizontal grid about 1 m above ground.

These two stations may be replaced by a new one
in Finland.

Macerata, Italy
Address

Osservatorio Geofisico Sperimentale
Viale Indipendenza 180
1-62100 Macerata, Italy
Telephone:  +39 (0733) 30-743
Telefax: +39 (0733) 30-743

Professor Alfredo Murri
Location

43°17' 32" N

13° 25' 09" E

299 m aSL
Measured/recorded parameters

Electric field {since 1956), radioactive collector

Air-earth current density (since 1980), honzontal
grid plate both polar conductivities (since 1974),
Gerdien, closure of Ohm's Law

Atmospheric radioactivity (since 1979),
Geiger counter

Thunderstorm frequency per hour

Temperature

Relative hurmidity

Water vapor pressure

Wind direction and velocity

Visibility

Global radiation

Precipitation

Evaporation

Cloudiness.

Note: for stations in the former U.S S R, see main text (p. 4:5}
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Swider, Poland

Address
Polish Academy of Sciences
Institute of Geophysics
ul. Ks. Janusza 64
PL-01-452 Warzawa, Poland
Telephone:  +48 (22) 36.44.40 or 37.05.22
Telefax: +48 (22) 37.05.22

Telex: 817582 pl
Dr. Stanislaw Michnowski
Location

Atmospheric Electricity Station at Swider
near Otwock

Approximate location

52.07°N
21,16°E

Recorded parameters

Atmospheric electricity field, collector method,
time constant 6 s

Both polar conductivities, time constants 2 min

Air-Earth current density, horizontal plate,

" time const, 500 sec.

[

Measured parameters

Aorasol particle number densities in range
% nm to 10um, three measurements per day,
standard time

Measurement of the 2-weeks average of
radioactive Nuclei, filter method

Daily concentration of sulfur dioxide,
nitric oxides, dust in atmosphere, radioactivity
in precipitation.

Meteorological Parameters

Temperature

Relative humidity

Water vapor pressure
Direction of wind

Velocity of wind
Atmospheric pressure
Precipitation

Cloudiness, degree, and type
Others,

Note: for stations in the former U.S.5.R. ses mein text {p. 4-6),
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Appendix I

Points for Station Descriptions and Histories

Introduction

The station description can be a depository of
information about those elements around, at, and inside a
station recording atmospheric electricity parameters that
have or might have an influence on the values and variations
of these parameters. The station history records if, when,
and how these elements change over time. This depository
* Allows any user of the recorded data get criteria for

the quality and reliability of the data and their

features responding to environmental changes; it may

provide clues for any specialty in the data otherwise

difficult to explain

* Allows the scientists running that station to control
now (or in retrospect) the maintenance and/or
deliberate or inadvertent change of the situation; it
may alert them to signs that some significant element
is varying.

The following elements might be considered for
inclusion:

* Date of this description

* Date of previous description

* Station name, address, telephone, and electronic mail
connection; administrative affiliation, name, and title
of head of station, and names of scientists working
there

* Longitude, latitude (to seconds), height in m aSL.

Environment-Ground

Information should be provided about physical
geography, orography, land cover, type of soil and deeper
ground, hydrology, ground climatology such as seasonal
variations of elements like

* Snow cover

* For stations near a shore, waves, wave breaking,
white caps, water surface description of kind of shore
and of geographic (including height) situation related
to station and of ground between shore and station

¢ For stations leeward of high mountains, existence of
events such as floating snow crystals from drifting
snow,

Other specialties as determined by the scientists at the
station; e.g., large waterfalls.

Environment-Atmosphere

Information should be provided about climatology
quoting average values per month, including variations of
significant magnitude of the following elements:

* Air, soil, and water temperature if there is water
nearby, absolute humidity (vapor pressure)

Wet bulb temperature

Wind direction and velocity; events of gustiness
Hours of sunshine

Cloudiness

Precipitation (form and amount per form)

Aerosol content (estimatr. compared to other areas)
Special events such as significant seasonal processes,
monsoons, harmattans, other special wind systems
(foehns, scirocco, bora, mistral, Santa Ana,
katabaric).

Anthropogenic Disturbances

This category includes information about

¢ Economical geogranhy, sources of pollution and of
space charge and/or radioactivity (source, direction
and distance from station, amount of output observed
or anticipated, influence on atmospheric electric
parameters)

* Human habitat, industry, farm operations in the area
with distances and directions (related to prevailing
wind direction)

* High-voltage electric power lines, voltage (ac or dc),
distance, and direction

* Transmitters for electromagnetic waves, kind, height,
distance, and direction.

Station and Surrounding Area

A scaled map should be provided showing locations of
antennae, houses, or other disturbances of the electric field
(include height), streets (kind of street surface and traffic
burden). Because of the problems of short-distance
variation of atmospheric electric elements, problems of
distorting the electric field by structures, and obsturbances
by pollution, such maps are in many cases the most
important part of a station description.
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Measuring Instrumentation fo. each
Atmospheric Electricity Parameter

Information should be provided about

* Method, description of antenna, placement of antenna
with indication of field-disturbing items near it,
elevated or flush with ground, resistance between
antenna and ground where appropriate, indicate
whether (by feed-back circuits) the electric potential
of an antenna is maintained at ground level or not

* Type of recording of values, recording intervals,
method of averaging, time constant of measurement
and time constant of recording, method of zero
determination, determination of drift

* Method of calibration, data handling, data storage

* Special recording of thunderstorms in the
neighborhood

* Special precaution to filter out disturbances (for
example, electromagnetic radiation from nearby
transmitters),

If instruments were purchased, indicate the vendor or
deliverer and type of instrument; otherwise, quote sources
of information (e.g. paper in a journal) where described.

Measuring instrumentation for environmental
parameters {each separately described) should include
placement, protection against unwanted disturbances,
exposition to free environment, type of recording.
Beginning and ending of precipitationp and fog should be
recorded. With regard to source of instruments, give the
information as requested at end of preceding paragraph.

If recording instruments were chosen to determine the
criteria for the selection of data (see next paragraph),
describe them and the method uswdl,

Selection of Data

Which criteria are applied to sclect which hours with
data provided meaningful values? Possthilities are
1. One selection with hours during which the closure of
Ohm's Law was always between which limits

2. One selection with "fair-weather hours" only

. One selection with all hours without precipitation only

4. One selection with all hours for which the variation of
data was under a certain limit

5. Data selected only if any of the'above (which one?)
applied for at least 3 successive hours

6. Combinations of numbers 1 through §

. All data without corsideration of meteorological

conditions.

For any of these methods, criteria for the selection
should be given. For example for item 2, the criteria could
be: no precipitation, no fog, cloudiness under 3/10 and not
concentrated in the zenith, wind under 3 Beaufort; indicate
which criteria were selected. For a more detailed
discussion, see Appendix IV,

w

-~

Recording Time

For all recordings, use the same GMT, UT, or Z time,
local legal time (if so, give relation io GMT and state if
summer time or daylight saving time applies and which one
and [if possible, when]), local sun time.

Other Sources of Environmental Information

State existence of official weather or climate stations in
the neighborhood of the station; private, school, or
business-owned stations of this type (accessible); recording
stations for radioactivity, and air poliution.

Additional Information

With station administration concurrence, information on
atmospheric electricity research performed or planned at
that station would be welcome, including a list of
publications. Also, names might be included of persons
who might give more information (e.g., scientists working
at the station in the past). Periodically, the information
could be updated.
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An opinion about the station written by a researcher
would be valuable; e.g., the work performed there, how
things could be improved, which risks exist for the future.
A critical assessment by a scientist would be welcome.
Possible information could be

* Is there indication on the constancy or variability of
the local columnar resistance during the selected
hours (see selection of data)

¢ Is it assumed that local generators (e.g. austausch
generator) significantly influenced the measurement
of the air-earth current density

* How does the researcher consider the representativity
of the data

¢ Have there been any special studies conducted
concerning this problem

* How closely are the variations of the air-earth current
density (whether directly or indirectly measured) to
follow the Carnegie curve or other curves of the same
kind

¢ [s there reason to recommend using only data from
the station that is especially selected for defined
reasons (e.g., only night values, no hours with
sea-land breeze)

* Is there indication that in the past, the operation of
the station encountered significant and relevant
problems?

Station History

In the station description, indicate how significant
changes in the information will be documented and
conveyed. Include statements about important factors that
will remain through all updating and expanded when
necessary. In this way, a continuing history of the station
is created. Sufficient and clear data should be included that
may be valuable when that station's data is applied for
future tasks.
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Appendix III

Discussion 2nd Evaluation of Secular Trends

in Atmospheric Electricity

Problems and Survey

Changing human attitudes, behavior, and activities
would involve large amounts of manpower and finances.
These changes may be seen as necessary because it is feared
that human disturbances of the natural equilibrium may
become globally significant. Because of the scale of such
efforts, the possibilities to get more reliable information are
economic in a true sense. Often, it has been stated that
decades of more measurements will be needed before we
can assess the existence, size, and danger of
anthropogenous global climate changes. If we were able
to extend the period of information backwards by several
decades, this time (during which irreparable damage could
occur because of ignorance) could be reduced. Because
they have never been carefully investigated with such a
purpose in mind, we are not certain how much previous
atmospheric electricity measurements can provide useful
information. Before we can decide whether an effort in
this direction is worthwhile, we should try to line out a
framework for such potential investigations; hence, the
objective of this appendix.

Seen from our present state of knowledge and our
present priorities of interest, the following atmospheric
electricity elements should be investigated. Are they are
changing over time? o, how and why?

* Thunderstorm nature, frequency, and geographic

distribution; first, assess secular changes in the
number of thunderstorms and/or of lightnings
lonosphere/Earth poteatial difference; assess its
potential secular change by direct or indirect
measurements of air/earth current density at ground
or in the air

Atmospheric electrical conductivity and its secular
changes at a selection of typical stations of various
local atmospheric and geographic conditions and of
types of anthropogenous influence.

The essential tools for such investigations are historical
data. Unfortunately, much original data have been lost,
Others are still available; they should be digitized. 1a the
cases of lost data, old publications with ongmal data
evaluations are often available. The number of such
sources, as well as the variety of conditions and the spread
of geographical locations dealt with, are indeed very
large--much larger than many of our contemporaries may
assume.

Any useful evaluation of secular trends encounters two
large obstacles which both may include difficult scientific
problems:

1. Atmospheric electricity research has, with a few
exceptions (see next section below), never been
interested in secular trends, Investigations had
different objectives. Therefore, the selection and
duration periods of measurements is not a priori
favorable for secular research topics.

. Reliability and accuracy of measuring methods will
often be disappointing. They require careful
evaluation of the still-existing possibilities, their
limitations, and possible bias. In some other cases,
high standard of accuracy and reliability will be found.
Sometimes, the care applied to these older
measurements surpasses the care usually applied
nowadays when modern methods seem to facilitate the
measuring tasks.

In addition to the traditional methods of atmospheric
clectricity, sophisticated methods developed for finding
weak signals in a high noise level may have to be adapted
to these particular purposes. If our general knowledge of
the problem of measuring atmospheric electricity data can
be improved (e.g., by the work of a pioneer station as
discussed in Appendix V), we may also gain more tools for
the post facto evaluation of older measurements,

In the main text of this document (Availability and
Reliability of Own and Alien Historical Data), several
related issues were mentioned. They are repeated here:

*..it might be useful to consider several stations at once.
Which missing parameters can be approximated by a
combination of other, available, parameters? Which
shortcomings in accuracy might be overcome by using a
large statistical population? Is it possible to recognize and
then eliminate significant bias? How can the optimum
individual data be selected for a meaningful averaging (for
example, is it practical, for a given station, to use only mght
values because at that station day values had been more
heavily disturbed; or, should hours with certain wind
directions be excluded?). Are absolute values ur vanations
more meamngful for averaging 1 certain cases?”
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There are more questions of this kind. A good station
description may help to find answers for a few of them
(e.g., investigaling the influence of sea-land breeze for a
station near a rocky ocean coast with breaking waves
predominating; or identifying the presence of snow drifting
from a nearby high mountain). The influence of these and
other elements has been a main topic for numerous
atmospheric electricity studies in the past. Can we try to
turn around what has been learned by them?

Earlier Attempts To Investigate A Secular
Change

As indicated above, investigating truly recular
variations of atmospheric electricity parameters was not a
priority before about 1960. Extended measurements of
these parameters have been made, including periods of 10
or more years of incessant recordings. Even then, it seems
that one important part of the prevailing interest was to look
for an influence from the solar 11-year period rather than
to check whether these elements undergo a long-period
trend. The interest in the sun-spot circle influence appeared
early (see e.g., Bauer [1926) or his figure on page 35S of
Israél [1973] which depicts measurements from 1902 to
1922),

Extended continuous measurements are known from
Watheroo, West Australia 1924-1934-1945 (Wait 1937,
Wait, and Torreson 1941; Wait 1942); Tucson, Arizona
1933-1950 (Wait 1948, Hogg 1955); Huancayo, Peru
1924-1934-1945 (Wait and Torreson 1948); Figure 249 on
page 493 in Isragl (1973) and Figure 3 on page 89 of Hogg
(1955) display data from these stations. They are extended
until 1945 although the origin of the data for 1934 to 1945
is not referred to in the papers by Wait, and Wait and
Torreson (up to 1942). This needs some clarification.

Two examples of a discussion of secular changes with
some analogy to our present interest are

1. Observations at Davos, Switzerland
2. Observations over the Atlantic Ocean (the latter
originating with the Camegie cruises).

The Davos case 1s of special interest because the
variation observed there not only concerns a significant
decrease of the electrival field between 1909/1910 and 1913
and 192371926, but also, the character of the dwurnal
variation of the electrical field has fundamentally changed.
For the summer, the average value of the electrical field
decreased from 50 to 37 V/m, for the equinoxes from 67
to 59 V/m, and fur the winter from 104 tv 86 V/m. The
diurnal vanation in the furst period had 4 large morning
maximum which for the later period is hardly visible. The

explanation given is that between 1913 and 1923, home
heating and cooking fuel changed from coal to electricity,
thereby decreasing the aerosol density. For details, see
Figure 177 on page 389 of Israél (1973), Domo (1911),
Lindholm und Bider (1927), and Isragl (1948).

The North Atlantic case became well known when Gunn
compared new measurements over the Atlantic Ocean with
the results of the Carnegie cruises. He concluded that the
aerosol content there had significantly increased from
around 1920 to around 1960 (Gunn 1964). There has been
some discussion about these findings. A suggestion was
made that the conductivity measurements of the Carnegie
ship had been influenced by a bias and would need
correction,

From the host of other early examples, we select the
following ones:

* Pierce discussed a possible influence from the fallout

of nuclear explosions on atmospheric electrical

elements (1957, 1958, 1959)

Scrase (1934) reports on measurements done at Kew

from 1843 to 1931

Goldschmidt (1926) provides 3 years of

measurements at Wahnsdorf-1923 to 1926, It is

highly likely that many more series of durations of a

few years will be found

In his textbook on atmospheric electricity, H. Israél

(1973) dedicated a special chapter (§64b, p. 393) to

"secular changes” and discussed them also in §93,

Atmospheric-Electric Synopsis, on pages 547 and

548, and occasionally at other places

Possibile secular changes in thunderstorm frequency

have been discussed by S.A. Changnon, Jr. (1977)

for 1901 to 1960. Again, it is likely that similar

evaluations could be done from other areas

¢ A rather early paper of the modern series considering
the monitoring of pollution trends by atmospheric
electricity is that of Manes (1977). More are
mentioned in the main text of this document, pursuing
it to the present.

These examples are but a selection. In general, the
interest was directed to the local changes of conductivity
or ion number density because of changes in aerosol or in
radsoactivity. Instead of looking into the conductivity and
ion numbers, the electrical field also frequently served as
a tool. As s well known, the electrical field is determined
partly by the conductivity, and that is related to the ion
count. Papers on the possibility of changes in
earth-ionosphere potential difference, or on possible
thunderstorm frequenc y trends, hardly exist beyond the few
quoted here.
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For a more systematic investigation, many old sources
of data must be searched. We may find more papers
directly dealing with such secular changes. A quick look
into the material of one large library showed many sources.
That search produced reports on series concerning only a
few years, but they are spread throughout the world--from
Antarctica to Greenland and Franz-Josefs-Land, from the
Mt, Elbrus to other mountains and oceans, covering all
continents.

Preliminary Discussion On Data Sources

I do not have enough information on the library at the
Main Geophysical Observatory (MGO) in Leningrad to
evaluate its potential for our purposes. However, it may
be assumed that this library will indeed harbor many useful
souices.

National Meteorological Library. Outside of the
MGO, the most valuable source is probably the National
Meteorological Library at Bracknell, UK., in the
Meteorological Office. After the observatory at Kew was
closed, its treasures were transferred to Bracknell.
Atmospheric electricity measurement began at Kew in
1843, but it must be assumed that continuous recordings,
extended over yeare, had been done only in the 1960s,
1970s, and rmaytc 1980s. Interim shorter measuring
periods are (o be found--some carried out on the open plane
with the equipment installed in an underground house. In
addition, the register of the library stores the titles of
thousands of papers and books on atmospheric electricity
and, presumably, the books ard articles themselves. |
present 2 more detailed description below,

The library has a large card catalog that lists the authors
of journal articles, Up to 1975, the subject catalog exists
only in the form of books with a rather coarse
subclassification, based on their own system at first and
using the general decimal classification later. After 1970,
the information is computerized.

In the domain of atmospheric electricity, we find two
volumes of titles of papers and books and one with
abstracts:

1. The first book covers roughly the first four decades of
the 20th century, classified in the groups numbered
1605-1680. The titles of the papers and the source
information are either typewritten (in some cases
handwritten) or cut from printed tables of contents.
Each chapter has approximately 30 to 50 pages with
about 10 entries each. Subjects include

* Dissipation of electricity, ionization

* Potential variations caused by local atmospheric
conditions

* Potential periodic variations

Lightning

Ball lightning

Damage by lightning

Protection from lightning

Aurorae

Wireless in relation to meteorological conditions.

2. The second book contains selections of abstracts from
articles written in the 1930s.

3. The third book is classified in 551.594.1 until
551.594.18, covering the four decades from the 1940s
to the 1980s, each chapter has 40 to 50 pages with 10
or more entries each. Subjects include

Electrical phenomena in the atmosphere
Electricity in fine weather

Potential gradient

Ionization, charge

fon mobility, conductivity, current
Radioactivity

Relation to other meteorological elements,

Since 1971, entries are computerized and can easily be
printed; obviously, there is some duplication,

Maurice E. Crewe is the librarian, Bracknell is about 50
minutes train time from London Waterloo Station, and the
library (next to Bracknell College) is a 15-minute walk from
the station.

Address:

National Meteorological Library

London Road, Bracknell.

Berkshire RG12 282

Telephone: +44 (0344) 856694

Telex: 849801

Meteorologisches Observatorivm Potsdam.  The
Meteorologtsches Observatorium Potsdam is another
source.  Atmospheric electricity measurements from
various years, beginmng shortly after the first years of the
1900s, are to be found there, either as digits or in the form
of curves. For several decades, Potsdam was a leading
center for atmospheric electricity research.  The present
director, Dr. Spankuch, is aware of our desire to evaluate
the historical data.
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Other collections of books, papers, or even direct data
probably exist (the library of the MGO was previously
mentioned). The library of the Belgian Meteciological
Service at Uccle may still store the results of, especially,
Koenigsfeld's measurements. The Carnegie Institute in
Washington, DC, probably still has the original protocols
of measurements taken aboard the Carnagie and
predecessors. The library of the Naval Research
Laboratory in Washington, DC, is another source.
Uppsala University may still have useful information, and
so do others where atmospheric electricity work is
continued (see Swider in Poland, Garmisch-Partenkirchen
and Weissenau in Germany). The Deutscher Wetterdienst
may still have somewhere some of the results of Israel's
stations at Buchau, Aachen, and Niirburg. The U.S. Air
Force should still kave the data-filled reports of Israel's
Alps Program 1954-57, and also from Holzer's American
Program conducted under contract.

Colleagues who have done continuous measurements
may be retired, but would be reliable sources. They may
have older data themselves, they may know who has, and,
above all, they may give valuable and important advice,
Kasemir is certainly one of them; others may be found in
France, Italy, Japan, and elsewhere. Aninquiry at Socorro
whether Crozier's data are still available, may open up an
interesting source. In this sense, there exist many others
(Albany, Duluth, Minneapolis, Ottawa). Listing such
places unavoidably harms others not listed, and some
broader sources should be mentioned:

¢ The comprehensive bibliography in Hans Isragl
*Atmospheric Electricity, Volumes | and I*
(ferusalem 1970, 1973), especially if evaluated with
the text (to which each entry refers), will provide
many sources,

* The proceedings of the atmospheric electricity
conferences, listed at the end of the main text of this
document, are promising matenial. One of them
(Dolezalek and Reiter 1977) has a special index for
tocalities. If one starts with this index of localities, go
back to the articles to which they refer and find more
there. However, even the over 300 localities listed,
refer only to the ones that were mentioned during the
Garmisch conference in 1974. Therefore, many
stations are mussing (e.p., three main English
stations—Kew, Eskdalemuir, and Lerwick). Nobody
mentioned then during the Garmisch conference.

Concluding Remarks

The first paragraph of this appendix shows the
justification of this task which is outlined, albeit
insufficiently, thereafter. The scope is difficult to assess;
the task not only requires a lot of accumulation work but
requests a certain degree of scientific judgement on the level
of a doctor’s or even Dr. habil's dissertation.

The task of understanding the most obvious variations
of atmospheric electricity elements has been the topic of
investigaticns over more than two centuries. However,
even our older colleagues do not remember all the often
important work done in this field before, say 1930, and for
some of the younger ones that date is more likely to be about
1975. It is important to comprehend the results and arrive
at a conclusion if enough of these problems have been
solved.

The next step to look for other variations will
automatically include the secular ones. There is no hope
to understand them without the comprehensive results of
the work showed in the previous paragraph. Take, for
example, the result of measurements at Watheroo, Tucson,
and Huancayo and other places that showed that
atmospheric elements at various places of the world
changed by about 20 percent related to the sunspot numbers
(see Bauer 1926 and Wait 1937, 1942, and Wait and
Torreson 1942, Sce Figure 152 on page 355, and Figure
294 on page 493 of Israél 1973). 1am not certain whether
we understand the reason, and it is questionable whether
that fact would necessitate working with averages taken
over 10 or 20 years to arrive at truly secular trends, The
answer to this question depends on our understanding of
the sun-spot relationship. 1 dare say that with enough
understanding, we do not have to go to such long-time
averages.

In general, it will not be casy to answer questions of this
kind. Disappointment may often lead to canceling a plan
whose possibilities have not yet been fully evaluated.
Dedication to the task and optimism to try another way if
one has failed, will be asked for, based on a solid knowledge
of the science of atmospheric electricity.

We have here a set of problems well fitted to the present
understanding of the concept of nonhinear dynamics, In this
developing field, tools for the treatment of problems with
simular degrees of complexity are being worked out. There
is a chance that we will be able to use them.
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Appendix IV

Selection of Data for Collecting or Application

(Fair-Weather Hour Syndrome)

With invited contribution by Edgar Knudsen and Sven Israelsson, Uppsala, Sweden'

Introduction

More than 40 years ago, Nikolai N. Paramonov of the
Main Geophysical Observatory in St. Petersburg produced
a remarkable analysis of atmospheric electricity data from
land stations (Paramonov 1950, in Russian; see figures in
Isragl 1970 and 1973). He looked at atmospheric electricity
data from about 60 stations around the world and filled in
the gaps by theory. The diurnal variations of the electrical
field at these land stations must have been similar to curves
labeled "Potsdam" and "Kew" in figure 30 on page 82 of
Israél (1970) (plotted in local time of the respective station).
Paramanov's analysis automatically cancels the local
meteorological variations, which occur at every place
according to its local time. In this way, he produced the
global curve (plotted in universal time) which is almost
identical to the famous Carnegie Curve (see Israél 1973,
Figure 174, page 384). One can conclude that the emerging
global shares must have been incorporated, albeit mostly
hidden, in all the source’ curves. For the present World
Data Centre for Atmespheric Electricity (WDC/AE) in
St. Petersburg, we must detect and identify these global
shares in the present-day local results. It may be necessary
to average, to this end, the daily results over several days.
That will not hurt the purposes of WD/AE, but it would
be nice if the number of these days could be kept as small
as possible.

Survey Of Task

The research aim has not always been clearly and
expressly defined, but experiments to get solutions abound

1Meteorologiska Institutionen, Uppsala Universitet

Address: Box 516
Kyrkogardsgatan 6, Observatorieparken
$-75120 Uppsala, Sweden
Telephone: +46 (1) 53-67-58
Marsta Observatory: +46 (18) 36-71-20
FAX: +46 (18) 54-57-06
Telex: 76024 UNIVUPS S

(begun long before Paramonov's days). See the text books
by Israél (1970, 1973) and Chalmers (1967) and the
Proceedings of the eight International Conferences on
Atmospheric Electricity held from 1954 to 1988 (see pages
9 and 10).

However, all these, often rather intelligent, experiments
only scratched the surface of the problem. The
fundamental reason was a lack of focus. Rarely was a focus
formulated® for atmospheric electricity research. Even
more seldom was agreement reached between various
researchers on a common focus. Consequently, sometimes
the problems were not well defined before an experiment
was planned. For the present focus on global change, our
knowledge increased only slowly to a level in which an
economic and purposeful set of experiments can be
programmed. For example, we now believe that a
combination of aerological and ground measurements,
simultaneously located and timed after a plan, could make
essential contributions. Despite a period m which many
atmospheric electricity measurements were made in the free
atmosphere by aircraft or radiosondes, such a deliberate
combination was not tried, not implemented carelilly
enough, or not carried out over a sufficient time.

Atmospheric electricity measurements suffer from being
very sensitive, o disturbances easily occur. Obviously,
we are interested in finding methods that allow us to avoid
or to filter out such disturbances; i.e., factors that disturb
the very purpose of an investigation. This will be only
partially useful. We must define successful cases so the
unsuccessful cases can be discarded in any integrating
procedures.

20ne isolated attempt for a focus was initiated by the World
Meteorological Orgamzation long ago: to learn how
atmosphenc electricity concepts and results could help other
parts of meteorology {report by Dolezalek 1978). It remained
without practical consequences.
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There are obvious disturbances; i.e., when a bird settles
on an antenna and again when it flies off, when the required
high-ohmic insulation of the antenna from ground breaks
down, when charged rain drops or snow flakes settle on an
antenna, or when charged water drops fall from an antenna.
Hours when one of these interferences are present must be
discarded; often, the following hour must also be discarded.
The more subtle and more in*eresting disturbances fall into
categories that are essentially independent of each other:
the

(a) Measurement itself may be faulty in a
not-immediately recognized way

(b) Antennae are not placed on an open plane

(c) Measurement may be correct and the antenna placed
on a free plane but the atmospheric electrical
parameter that it measures may incorporate disturbing
influences from meteorological or
atmospheric-physical (other than electrical) processes
occurring at the place of measurement. There are two
types of such disturbances--resistive and generative,

Since all three are independent of each other’, it is not
admissible to select useable hourly averages from the form
or values of the recorded curve as is often done, unless it
can be shown that (a) did not play a role, or its quantity is
known and can be subtracted, and that (b) did not apply.
We will discuss these disturbances.

Test Of Correctness Of Measurement

In the cloud-free air volume and with field strengths well
below the initiation of Townsend or other discharges,
Ohm's Law must apply to the quantities of the electrical
field, the current density, and the total conductivity of the
air. In dealing with hourly averages, the displacement
currents may be not considered but significant convection
currents would not follow Ohm's Law. At the beginning,
we consider only the conduction currents. If we try to
verify this theoretical statement, we are surprised to which
degree Ohm's Law is violated in the measuring results; in
other words, how wrong these results must be. From this
result, we cannot derive which of the three measurements
is wrong. However, if Ohm's Law is nearly fulfilled, we
can state that all three measurements are correct. We call
the degree of fulfillment the closure of Ohm's Law and use
the letter Q for definition:

Q = i/E(y+ + y-) = (direct current)/(indirect current)*
where i is the conduction current density (directly
measured), E the intensity of the electrical field, and the
y's (gammas) are the positive polar and the negative polar
electrical conductivity of the air (to get the total

3A mutual dependence bet veen resistive cnes and generative
ongs cannot be ruled out, but we hardly have more that
speculative ideas about 1t.

*Refer to footnote 5.

conductivity, we measur the polar ones and add them).
Theoretically, if Ohm's 1.aw applies, the product of field
and total conductivity amounts to an indirect measurement
of the current density. Such indirect measurements are
often done. For aerological measurements of the current
density, they are the standard procedure; but we do not
intend to discuss aerological measurements here. The
content (in detail) of this paragraph corresponds to
Dolezalek (1960a); the information is in German. See also
Israél (1973, pages 336 and 552), and some later
treatments.

Measurements of Q (Dolezalek 1960b) show that,
depending on various factors, it may deviate considerably
from the value 1, even in hourly averages from about § to

about 4 at certain stations. A heavy aerosol burden at the
place of measurement will cause strong deviations from 1I;
i.e., such burden influences the correctness of the
measurement of at least one of the three parameters.
Sometimes Q has a nearly regular diurnal variation. For
satisfactory results, a station should always record all three
parameters, calculate Q, and exclude hourly averages when
the closure is too large or too small. The limits should be
determined after some experience, and conveyed to the
WDC/AE when the data are submitted.

Violation Of The Free Plane Condition

The closure of Ohm's Law (Q) also deviates strongly
from the value 1 if the antennae are not mounted on a free
or open plane. This condition has been discussed elsewhere
in this document; Obviously, the free plane condition
should be met whenever that is possible. Unfortunately, it
is not always possible; e.g., in high mountain areas. In
those cases, a reduction factor Re is applied, which is
defined by:

Re = value on free plane/value at disturbed place.’

For details, see Israél (1973, page 335) and the literature
given there. If Re were a purely electrostatic factor
(disturbance of the electrical field by the obstacles), Re
would be constant for a given place; unfortunately, it is not.
Space charges dnfting in the air and around obstacles
influence Re. Often, it will have a nearly regular diurnal
variation and randcm changes. Sometimes, it is even
difficult to determine the values of Re; e.g., when there is
no available free plane in the neighborhood. If it can be
done, and Re can be measured for a prolonged time, at
various times of the day, and under consideration of
meteorological conditions, the application of Re to the
measuring results would be more meaningful. If data are

‘Since both Re and  are fautors withuut dimension, vaie
should be taken not to confuse numeratur and denu Tunator in
these defimtions. In both cases, the more direct value is in
the numerator.
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being sent to WDC/AE or used for publications, full
information on Re should be included.

Resistive and Generative Disturbances:
Basics

For this discussion, we consider the electrical field as
the voltage drop caused by the air-earth current flowing
vertically through a resistance, namely a vertical column
of air. Seen this way, the current is the primary element
at the measuring site. The current is being driven by the
potential difference between ionosphere and ground. This
is essentially a steady-state consideration.

If we go to the other extreme, we consider what will
happen when suddenly the ionosphere-ground potential
difference is applied to a formerly uncharged system.
First, we have the same field strength in all heights, now
acting as the primary element, causing currents that move
the ions in such a way that space charges are formed. This
changes the electrical field in all heights (increasing it
below about 11 km, decreasing it above) until the steady
state of the same current but different fields in all heights
is reached. Restricting our discussion to hourly averages,
in this way simulating the steadystate, we deal with the fact
that the current is the same, independent of height.

This is true when the earth-ionosphere potential
difference is the only cause of the current. If there are
varying space charges in excess of the ones formed as
indicated above, additional current circuits are formed.
These "local circuits," cause additional (local) currents to
flow between the "terminals” of these circuits.

We should consider what is meant by tt  ‘erm "varying
space charges.” If space charges of the sa. . lensity move
horizontally; i.e., along equipotential surfaces, no changes
occur; they do not form a generator. If new, more or less
dense space charges arrive by advection above a measuring
site, they establish a generator. If new space charges are
generated above the measuring site, again a generator is
established.

What about vertical motion of space charges? If that
vertical motion is along a column of constant conductivity,
no new fields are generated or destroyed outside the range
of the motion itself. That is not so if the conductivity
increases with height. For our consideration, this may
become important when the vertical conductivity gradient
1s significant. [t 1s not significant if the height difference
1s small. Also, we often have the conditions met by Sagalyn
and Faucher (1954)--conductivity within the exchange
layer is nearly constant. These conditions may have {o be
considered, especially when dealing with the Austausch
generator (Kasemir 1958). For 1t, our antenna may often
be situated within the range of vertical space charge motion
and therefore be in the local circuit of that generator.

Not considering any local circuits or local generators,
the current is constant along height, depending only on the
ionosphere-earth potential difference and the columnar
resistance. If the local resistance (resistivity) is changed
significantly in any height, the current will be influenced.
However, the amount of change that can be called
significant will differ greatly with height. We therefore
must ask whether a variation of conductivity at the
measuring place is large enough to be significant for the
total amount of the columnar resistance. Only if this
applies, will the current be considered as being influenced.

Resistive and Generative Disturbances:
Conclusion

To determine the usefulness of recorded data of
conduction current density, as a contribution to the
determination of a global atmospheric electricity index (in
analogy to the well established global geomagnetic index),
quantitative information (or estimates) is needed about the
existence and strength of local generators. Also,
information is needed about any significant variations of
the columnar resistance. This is in addition to information
about the closure of Ohm's Law (Q) in the measured data,
and to information about the reduction factor, Re, to the
free plane. These are the four factors that constitute the
criteria for an hour with measurements or the hourly
average. They are to replace the old notion of a
fair-weather hour, reducing the criteria used for the
determination of a fair-weather hour to bare accessories for
the definition of truly atmospheric electrical criteria®,

We have discussed the problems with Q in the test of
correctness of measurement and Re in violation of the free
plane condition above and outlined the basics for electrical
disturbances (for our purposes) in the atmosphere.
Therefore, we must derive more detailed information on
potential procedures to deal with resistive disturbances and
generative disturbances,

Decision by Meteorological or Electrical
Criteria

Electrical criteria are the desired one. They can be
determined only by additional measurements or estimates.
It should be investigated whether such additional
measurements of electrical parameters are possible and
promising. There are several possibilities:

Measuring the space charge density of the air close to
the ground at the site of the antennae may give some clues.
Further clues can probably be derived by measuring the
number density of cluster ions and aerosol ions, or better,
measuring their mobility spectra. Clues may also be

Thisis a development parallel to the desirable replacement of
the concept of fair-weather electncity by the domain of
global-circuit electncity.
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provided from determining the aerosol spectrum. To
determine the convection current, a second air-earth current
antenna may be used. The antenna would be exactly the
same type and configuration as the first one, but positioned
under a wide-meshed net to exclude the air-earth current.
The net would be carried along at air temperature, if
possible, and either grounded or kept at the varying
atmospheric electric potential of its height.

Much more information can probably be derived from
either of two possibilities to get data from aloft.

1. Float a small balloon on a thin, grounded wire in an
altitude of 10 or 20 m, with a radioactive collector at
the balloon and a small electrometer to measure the
electrical potential at balloon height versus ground;
data is transmitted by radio or by a second wire.

2. Erect on an isolating tether a larger balloon at 10 or
20 m above the station; the balloon carries instruments
to measure space charge density there (maybe also
conductivities and the electrical field, data
transmission via radio or glass fiber).

Both balloon measurements will, however, work only if the
height variations caused by air movement are small and
slow enough to be accounted for. Whether a replacement
of the tether by a pole is practical might be considered.
None of these additional measurements will give direct
answers for the decision on columnar resistance or local
generator. More discussion is needed to learn how these
types of information can be used to derive useful knowledge
for the determination of the global atmospheric electricity
index. Many of these measurements can be interpreted
only with the help of meteorological measurements,
defining the atmospheric physical causes for variations of
atmospheric electrical elements. Therefore,
meteorological measurements will be needed too, as
indicated below. However, it is possible that a relatively
short applicaiion of all these additional parameters will be
sufficient to get information for most of the future operating
days of the station. These additional parameters should
also be useful to establish the local air electricity database.
If no additional electrical measurements (such as
described in the preceding paragraph) are done, we must
resort to meteorological measurements or estimates. That
seems to be a return to the old method of determining a
fair-weather hour. Indeed, it includes these methods, but
now more attention must be paid to the question how these
meteorological criteria influence the electrical parameters.
That is difficult. This task should be performed by a
scientist who is well trained 1n atmospheric electricity and
is familiar with the station and its environment. To leave
this task to the scientist at the distant WDC/AE is a poor
substitute. These meteorological characteristics will also
be considered if the additional electrical measurements are

being made. The meteorological information will be

needed to interpret the additional electrical data and to

determine when the electrical measurements can be

discontinued. A sufficient relationship from them to the

meteorological situation could be derived for future use.
Routine methods to determine the meteorological

situation as it pertains to atmospheric electrical

measurements at the same place use the following

conditions for a "fair-weather" situation:

* No precipitation

* No fog

* No swirling snow

* No swirling dust

* Windspeed below 3 Beaufort

* Cloudiness less than 3/10 and not concentrated in the
zenith.

For many stations, other criteria must also to be used,
for example:

* Existing town in a certain direction and distance

* Aerosol-emitting factory

* High-voltage power transmission line

* Large body of water with white caps or breakers at
the shore

* Blowing snow from high mountain range

* Large nearby waterfall

* Heavy traffic on neighboring street.

All these and similar sources of disturbance may make
it advisable to exclude hours when the wind blows from
that source toward the station.

Taking these meteorological data alone and in a
straight-forward manner (i.e., defining a fair-weather hour
under consideration of the special conditions of the station
in question) does not solve the problem of conductivity
changes or local generators that may occur in the fairest of
all weathers. As to fair-weather conductivity changes, we
refer to Israél (1973, pages 370-379 and elsewhere); for
the fair-weather local generators see; e.g., Kasenur (1956)
and Wahlin (1988). In both cases, the additional electrical
measurements discussed above may be helpful to make a
decision whether or not the columnar resistance is varying
and/or a local generator is acting significantly.

So far, we have pointed te the compluxity of the
problems involved and to some speculative or still
hypothetical approaches to solutions. Obviously, further
discussion and careful planning is needed before progress
is be made in the indicated directions. This continuation
of age-old discussions is now under a better understanding
with potentially more direction and urgency. In the last
section of this appendix, three schemes of symbols for the
nomenclature are proposed that should be apphed to give
the various types of hours with data specific names.
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These schemes have also been discussed at the Sixth
Conference in Manchester in 1980 (see pages 9 and 10) but
are not included in the proceeding. Another discussion
took place during the negotiations on the Global
Atmospheric Electricity Measurements Program (GAEM)
(see Reiter 1990).

Nomenclature for Data Hours

Hourly averages of atmospheric electrical parameters,
for which the factors Q and Re have already been applied,
fall into several categories depending on the existence of
variations of the columnar resistance and/or local’
generators. To give names for such hours, thres schemes
have been considered. In the first scheme, three-letter
acronyms are combined. In the second scheme, numbers
and mathematical signs are combined which allows easy
classification of groups. In the third scheme, single letters
are used.

Tables 1, 2, and 3 represent all three schemes--resistive,
generative, and a combination. No recommendation is
made for any of these schemes; it is also likely that finally
other names may be agreed upon. We present them here
so in a discussion, a relatively easy definition of the various
types of hours can be applied.

Suggestion for rough evaluation of hours falling into one
of these 12 groups:

For investigations on the global circuit, the groups CN
and BN are of primary interest. For studies of atmospheric
exchange processes (e.g., eddy turbulence) and/or on
atmospheric pollution by neutral aerosols or on
radioactivity in the atmosphere, groups VN and BN may
be of interest, but in a different way. Groups CQ, BQ, and
VQ may also be of interest in some cases. To investigate
precipitation electricity or cloud electricity, the groups CY,

"We considered only local generators in the troposphere.
This is based on the assuinption that local generators
in the stratosphere or mesosphere, if they exist, may
often not influence the vertical current flowing through
the whole columnar resistance and therefore not affect
the measurement at ground. A different case is given
when significant hotizontal electrnic potential differences
exist in the 1onosphere that have influences extending
downwards. 1t is assumed that these "regional generators™
do exist at least in high latitudes (auroral oval). That
poses a host of new problems for atmosphenc electricity,
including the need to explain earlier atmosphenc electrcity
measurement 1n high latitudes, In this docurnent,
restricting ourselves to the purposes of global change
monitoring, we may be allowed to not consider the
conditions of the polar regions and concentrate on
modsrate and low latitudes.

BY, VY, and UY are probably inte:.sting because either
the generator effects in these cases wili cutweigh columnar
resistance effects, or the interplay between resistance and
generator variations will require special atteation. Group
UQ remains as the least desirable situation.
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Table 1. Resistive Scheme

* An hour that is the center one of 3 (or more) hours during which the columnar resistance did not seem to vary
significantly, or is constant, is called a

"ConColRes Hour"
or an
"Hour in State 1 +"
ora
“C-hour"
® An hour that did not fulfill this condition; 1.e., the columnar resistance is varying, Is called a
"NonColRes Hour"
or an
"Hour in State 1-"
ora
“V-hour"
{for brevity,we left out the "Con" which logically should be in)
¢ An hour for which these conditions are unknown, is a
"UnColRes Hour"
or an
“Hour in State 17"
ora
“U-hour",
* These definitions do not yet include information whether 2 ConColRes Hours, separated by 1 or more NonConColRes

Hours, represent the same value of the columnar resistance, It may be best to postpone any attempt to tackle this
remaining difficulty. In many cases, the equality will indeed exist. If that is the case, one could call such hours also

"BasColRes Hour™
or an
"Hour in State 1 ="
ora
"B-hour”
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Table 2. Generative Scheme
The same principles for nomenclature applied to the problem of the local generators:

* An hour that is in the center between 2 hours without local generators that does not have a local generator acting either

is called
"NonLoGen Hour"
or an
"Hour in State 2+ "
or an
"N-hour”
* An hour which did not fulfill this condition is called a
"CumLoGen Hour”
or an
"Hour in State 2-"
ora
"Y-hour”
It seems to be illogical how we applied the + and - signs, and maybe we should have a debate on this; we
selocted this choice because it would make a combination of two states with a plus sign (1 + and 2 +) the
desired hour for global circuit considerations.
¢ |f the given condition of local generator activity was unknown or questionable, we call such an hour an
“UnLoGen Hour"
or an
"Hour in State 27"
ora
*Q-hour”

An analog to ths "BasColRes Hour" or an "Hour in State 1" = or "B- hour” does, however, not exist for
LoGen or State 2,

Table 3. Combination Resistive and Generative Scheme
Taking the definitions together, we arrive at 12 definitions for each hour of recordings:

ConColRes / NoloGen or 14+/2+ of CN
BasCclRes / NolL.oGen or =/2+ or BN
NonColRes / NoLoGen 14 1-12+ or VN
UnColRes / NoLoGen or 12/2+ or UN
ConColRes / CumlLoGen or 1+/2- or cy
BasColRes / CumLoGen or 1=/2- or 8y
NonColRes / CumLoGen or 1-12- or vy
UnColRes / CumbLoGen or 1?/2- or uy
ConColRes / UnLoGen or 1+/2? or ca
BasColRes / UnLoGen or 1=/2? or 8Q
NonColRes / UnlL.oGen or 1-12? or vaQ
UnColRes / UnLoGen or 12/2? or ua.
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Recommendations For Conditions When Recording Atmospheric
Electrical Parameters Related to the Global Circuit

An invited contribution by Edgar Knudsen and Sven Israalsson

Introduction

Ground-based measurements of atmospheric electrical
parameters related to the global electrical circuit will give
rise to ccnsiderable problems caused by local generators.
Space charge cells of different sizes and density, moving
at different speeds and at different heights will give
fluctuating values of a wide frequency spectrum. Under
unfavorable conditions, the recorded values can be several
times higher than the values represented by the global
atmospheric circuit.

A commonly used expression for describing the
recording conditions is "fair weather conditions, " which is
mainly based upon visual meteorological observations,
Considering the many hidden or nonvisual sources of local
generators, visual observations by themselves can be
significantly misleading. The origins of nonvisual local
space charge generators can differ very much from one
location to another, Some generul sources are

¢ Electrode effect

* Radioactivity (natural and man-made)

* Particles torn off the ground

* Ground inversion (positive temperature gradient in
the lowest atmosphere).

Unfortunately, the hidden or ncavisual space-charge
generators are most dominant in the lowest atmosphere,
where most of the measuring instruments are placed. To
make accurate measurements of the global atmospheric
electrical parameters, it is necessary that local generators
have little or no influence.

A desirable solution could be establishing a quantitative
factor; i.e., a numerical value characterizing the actual
measuring or recording condition. We describe two
methods that will provide numerical values for the
characterization of a recording series of data.

Method 1

Space charges will always exist.  The wdeal condition
would be when both the vertical and honzontal distribution
of the space charge are homogeneous. This will probably
never happen. The question will then be when one can
reach conditioas as close as possible to this ideal condition.

Assuming that the space-charge cells are transported by
air movements, the formulas from micrometeorology can
be applied (heat exchange theory). Close coupling between
heat transport and space-charge transport has been found
(recent results; not yet published).

The concept of the Richardson's stability parameter R;,
which is commonly used in micrometeorology, expresses
the turbulent properties of the atmospheric surface layer.

Equation 1
R; is defined as:

Ri = g/T Tz +7T) <(6u/6z)e'2>
where:
Ri = Richardson Number
= mean temperature in K
g = gravity constant
I' = dry-adiabatic lapse rate (K/100 m)
u = mean wind velocity.

R;i = 0 means neutral stability of the layer

Ri < 0 gives turbulent mixing of the air; the
lower the negative, the more efficient mixing

R; > 0 leads to a stable atmosphere with limited
vertical exchange.

From earlier investigations of radioactivity profiles, a
fairly constant vertical distribution in the lowest
atmospheric layer has been found for

-0.05 < Ri < 0.05

viz. near neutral stability.

Equation I shows that measurements of temperature and
windspeed at two levels are requested for determination of
Ri. A simplified method is to consider the windspeed at
O-level to be zero. In this case, only measurement of
windspeed at one level will be necessary. Increasing
windspeed gives decreasing R, numbers, but still an upper
windspeed must be stated.  This represents the limit where
particles are tom off the ground, giving rise to negative
space charges.,
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Some rough values may be:

¢ Dry ground - about 6 m/s
¢ Sinow caver - about 4.5 m/s (dry snow).

These limits will indeed differ from one site to another;
it is recommended to check them for the actual recording
station.

How to Detect Nonvisual Sources of Errors

Considering the local generators or the hidden sources
of errors, we see that they have several qualities in
comrion.

* They are all generating local space-charge cells

* Fluctuations are caused partly by air movements and
partly by variable space charge density in the local air
cells

* The effect is most dominant in the lowest atmospheric
layer where ground-based instruments are placed.

Although the Faraday cage method can be criticized as
not being an absolute instrument for space charge density
measurements, it is a powerful tool for detecting local space
charge cells. Besides, it is a simple device well suited for
coutinuous recordings. Together with visual
meteorological observations, recordings over a period will
give a good impression of the local generators at the actual
«:cording sites, Local conditions may vary from one site
o another, so it will be meaningless to give general
recommendation for such investigations.

Recommendations

Except for the visual errors, listed below, even
statements of the influence of the hidden sources of errors
should be considered.

Visual sources of errors,

¢ Thunderstorm conditions

* All kinds of precipitation

* Clouds (thin cirrus layer not in zenith can be accepted)
* Fog

* Drifting sand, snow, and dust

* Spray from breaking waves

* Haze (reduced visibility)

* Smoke, including vehicle exhaust,

Nonvisual sources of errors.

* Continuously record space-charge density for enough
time to get a general impression of local generators

* State the upper windspeed

* Record simultaneously with a Faraday cage to detect
short-term variations that otherwise could be
interpreted as global phenomena

* Calculate Richardson's number keeping within the
following limits:

-0.05 < Ri < 0.05
and continuously calculate 10-min. mean values for R;.

Method 2

H. Tammet (private communication) proposes another
method that has the same intent to give a numerical value
for the quality of a recorded series.

The identification of global variation, if at all, is possible
only in extremely low local variability, Therefore, we are
interested first and foremost in a statistical model of low
local variability, rather than a general statistical modet of
local variations. There is insufficient literature coverage
about low variability situations.

In the observations of the global atmospheric eiectrical
circuit, the weather is important as far as it influences local
variations. Thus, the level of local variations is the primary
criterion.  Meteorological data must be considered as
indirect information that can be used to predict the level of
local variations of atmospkeric electricity.

Experience shows that recording the vertical current
density is a special situation where the direct estimate of
local variability is easier and more exact than
meteorological data. In local variability of the vertical
current, the local component usually significantly exceeds
the global component. Therefore, the general variability
can be used as an estimate of local variability.

The standard deviation of an observation series is
suitable as the quantitative measure of variability. The
statistical estimate of standard deviations depends on the
definition of elements and the length of the series. The
recommendations are

¢ Estimates of an observation series are direct values of
current density, recorded every second with a 1-km
long wire antenna

* Estimates of a standard deviation are computed for
every 600-sec segment of series independenily of
other data.

Observations are considered to correspond to the
fair-weather condition, if

§ < S

where s, is the conditional critical level. The value(s) of
the critical level(s) must be determined during the actual
observations. 1t is possible to fix several critical levels to
classify the data according to their quality. Experience
enables us to suppose that the value of the cnitical level 0.1
-1.0 pA/m2 are likely to find application.
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The above proposal defines the criterion of fair weather
separately for every 10-min interval. It is convenient to
characterize long observational series by percentages of
10-min subintervals that correspond to the described
criterion.

Discussion
As mentioned above, both methods have the same
purpose-to give a numerical value for the quality of a

recording series. However, using one method does not
exclude using the other. Both methods have advantages
and disadvantages. Method 2 is the simplest since it does
not include recordings in addition to the current recordings,
but it is in its present form restricted to current
measurements. Method 1 would be more extensive, but
can be applied to all atmospheric electrical parameters. For
testing the closure of Ohm's Law, this would be essential.
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Appendix V

Suggestion for a Pioneer Station on
Global Circuit Atmospheric Electricity Measurements Centered at
World Data Centre/Atmospheric Electricity

Introduction

Doubts are often voiced in the atmospheric electricity
community about the global validity of measurements.
This is especially true for measurements made by stations
at ground on continents as their values reflect local
disturbances (e.g., Lane-Smith 1977, Markson 1988). On
the other hand, these doubts have not been considered as
being substantial when it was decided to establish the World
Data Centre for Atmospheric Electricity (WDC/AE).
Also, the existence of the Carnegie curve and Paramonov's
analysis (1950) could hardly be explained if there were no
global validity.

Most scientists of this domain would agree that in very
high atmospheric layers, close under the atmospheric
electric equalizing layer, the electric potential versus
ground would vary in time but would be the same
everywhere on earth. Probably, exceptions are the polar
areas where and when the cross-polar horizontal
ionospheric potential differences are strong enough to be
comparable to the vertical difference to ground'. The
question then arises--how far we may move downwards;
i.e., toward ground before significant horizontal potential
differences appear, and how this depends on averaging,
either in time or over area or both.

This question is difficuit to answer. The nevessary
experiments have not been made that would provide the
precision and reliability of decision-quality data. Markson
(1988) bases his opinion on existing data. These data are,
in turn, based on a situation in which the measuring
techniques for continental groundstations were not fully
understood. That is still the case.

Obviously, we are facing a problem that is crucially
important for the work of the WDC/AE. It must be
experimentally demonstrated whether the concept of
atmospheric electric synopsis (Dolezalek 1958) and that of
the global repeesentation of ground data (in expansion of
the «:~.opsis) are realistic or not. That will involve an
ability to separate, in local measurements, the global share
(i.e., what happens electrically in the atmosphere of the
whole globe at the same time) from the local share (1.e.,

"This needs careful investigation which may resuit in a
time-dependent limut of the undisturbed area of the low and
moderate lautudes, accessiole for global change monitoning in
the way descnbed in this appendix.

any significant action of local generators, and any
significant action of meteorology on the local columnar
resistance). In principle, both shares are present in the
measured data of the air-earth conduction current density.

The main text of this document provides the rationale
behind the proposal for a pioneer station. This appendix is
not more than an indication of possibilities. Each of its
proposals is subject to and in need of further discussion and
detailed assessment. A similar station was under
construction at the Waldorf Observatory of the Naval
Research Laboratory several years ago. That arrangement,
at the time being of large interest but not vital for the
purposes of the work at the Waldorf Observatory, was
never completed. It is, in our opinion, now vital for the
work of the WDC/AC.

The Problem

The most important problem is presented by the
measurement of the conduction current density. There are
several reasons for this statement. Local variations of
conductivity, caused by meteorological processes. strongly
influence the electrical field at that exact locality.
However, if these conductivity varations are so shallow
and/or so weak that they do not have a significant influence
on the columnar resistance, they should not be a disturbance
for the conduction current density.  On the other hand,
there are specific problems related to the current
measurements.  Some of the well-known problems of the
electrode effect as well as the austausch-generator (Kasemir
1955, Wahhn 1988) play a role here.  The countroversy
between the "measured” or “directly measured” and the
*caliulated” or "indirectly measured” curient densi