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Abstract

The atmospheric electric conductivity and aerosol size-distribution measurements made over the
Indian Ocean on two occasions of fog occurrence during the XVI Indian Scientific Expedition, 1996—
1997, are reported. The locations and the meteorological conditions associated with two fog episodes,
one being a warm fog and the other a cold fog, are widely different. Values of both polar conductivities
after showing a slight increase start decreasing about 1 h before the onset of fog, and then start
increasing about 0.5-2 h prior to the dissipation of fog. The conductivity values then attain their fair-
weather values in case of cold fog but continue to increase and give a maximum ~ 2 h after the
dissipation of fog in case of warm fog. Total number concentration of aerosol particles (between 13-
and 1000-nm diameter) increases during the warm fog period but only just after the dissipation of cold
fog. Aerosol size distributions show an increase in concentration of all particle sizes in warm fog but
mainly in concentration of the nucleation mode particles in cold fog. Possible causes of the changes
observed in conductivity and aerosols and their utility in forecasting the onset and dissipation of fog are
discussed. _
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The effect of fog on the basic atmospheric electrical elements has been a topic of
considerable interest in view of the prospect of such measurements for forecasting the onset
and dissipation of fog. Measurements of potential gradient and conduction current by Israel
and Kasemir (1952) during widespread fogs show an increase in potential gradient and a
decrease in conduction current; the corresponding average drop in conductivity value being
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about one third of its fair-weather value. Serbu (1958) and Serbu and Trent (1958) observe 5
decrease in conductivity and a consequent increase in potential gradient 1-2 h before the
onset of fog and the reverse changes about 1 h before the dissipation of fog and pointed oyt
to the possible use of the atmospheric electric parameters as a tool for forecasting the onget
and dissipation of fog. Dolezalek (1962) and Ruhnke (1966) report a strong correlation
between visibility and small ion concentration in an atmosphere with high amount of
hygroscopic particles. In the measurements made at a high mountain peak observatory,
Reiter (1992) observes an increase in electric field and a decrease in total conductivity 1-2
h prior to the onset of fog, and associates it with an increase in relative humidity during fog,
His measurements of size distribution of fine aerosol particles of <1 um show an increase
by an order of magnitude during the fog.

In an overview of the departures observed ift the atmospheric electric parameters related
to fog or mist, Anderson (1974) points out that many of the published findings are
ambiguous and/or even contradictory. Recent observations of Israelsson (1999) indicate
that the space charge is negative and polar conductivity and potential gradient decrease
about 1 h before the visual observation of radiation fog. He explains his results on the basis
of decreasing conduction current but increasing negative sedimentation current due to
gravitational settling of fog droplets in the radiation fog. Recently, Anisimov et al. (2003)
have measured the vertical current with a 1-km-long wire antenna mounted in a circle at 4-
m height and electric field with nine field-mills during six cases of fog. They observe that
the current density smoothly decreases and even changes direction but then rapidly returns
to the fair-weather value. However, the electric field shows no significant change when the
current goes to negative values. The field has a significant increase in the fluctuations in the
frequency range of 107>~ 1 Hz and increases by a factor of 2, several hours after the current
becomes negative. Anisimov et al. (2003) explain their results in terms of the diffusive
charging of fog particles. Above discussion shows clearly that the conclusion of Dolezalek
(1963) that there are various problems in explaining the atmospheric electrical fog effect is
still valid. This emphasizes the need for detailed study of changes in the atmospheric
electric parameters with the meteorological and aerosol characteristics of fog.

Choice of an adequate site is important for investigating the atmospheric electric fog
effect. The atmospheric electric measurements made over remote oceans certainly have a
unique advantage of being least disturbed by the anthropogenically polluted air from
continents. The measurements made over oceans, therefore, can provide more convincing
evidence than those made over land for detecting any changes associated with the fog. For
example, the atmospheric electric conductivity measurements made over the North
Atlantic Ocean show it to decrease 2-6 h before the fog episode (Anderson and Trent,
1962). In this paper, we report measurements of the atmospheric electric conductivity and
aerosol size distribution made during the periods of warm and cold fogs over the Indian
Ocean and in the Antarctic environment, respectively.

2. Weather conditions during fog episodes

Two occasions of fog—the first over the Indian Ocean (34.5°S, 48.9°E) on December
25, 1996 and the second at the Antarctic coast (69.8°S, 11.9°E) on January 5, 1997—were































