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The electrical conductivity of air results from molecular cluster ions, which are produced by cosmic rays and natural background
radioactivity. Attachment of cluster ions to droplets and particles causes charging, and depletes ion concentrations. Near the upper and
lower boundaries of layer clouds, unipolar charge regions occur, generating highly charged droplets and aerosol particles. The effects of
charge on cloud microphysical processes are largely unexplored, and only a few direct in situ atmospheric measurements have been made.
Because of the radiative importance of clouds and the possibility of widespread small effects of charge on cloud processes, more in-situ
measurements to evaluate charge effects in the fair weather cloud boundary region are desirable. To undertake such measurements, a
sensor, capable of operating at high vertical resolution, is described. It measures bipolar air conductivity via a voltage decay method. The
sensor has been tested on free and tethered balloons, but could also be used on other aerial platforms.

1. Charge and fair weather

The concept of the global electric circuit is based on observations showing that
Earth’s surface and the ionosphere form two plates of a spherical capacitor,
with a weakly conducting material (the atmosphere) in between.

Charge generators in disturbed weather regions transfer positive charge
upwards, causing the ionosphere to acquire a potential of ~ +300kV (V,). The
large ionosphere-surface potential difference causes a small conduction
current (J,) to flow in fair weather regions (see Fig 1).
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The finite conductivity of the atmosphere results from the presence of ions,
generated by cosmic rays and, near the surface, decay processes from Earth’s
natural radioactivity. :

lon removal results from self recombination and ion attachment to aerosol
particles, and, in clouds, to droplets.

Attachment of small atmospheric ions to aerosol or droplets causes:

a decrease in air conductivity due to the drop in mobility associated with the
larger ion-aerosol particle.

charging of the aerosol due to interactions with the electrically charged ions.
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Fig 1. The Earth’s global electric circuit
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Fig 3. Histograms
of J., data from
Kew, London, from
1966 to 1979 on
fair weather days.
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- Fig 3. shows two histograms of J, data (a) on.
. e (b) only on dry days with full cloud cover (i.e.
Region distributions are similar, with medians of 1.44pA m?2 a

S iface 1.38pAm=2 respectively (shown by the dotted blue lines).

Fig 2. Possible mechanism order for this to occur, J. must flow through the cloud.
linking J. with cloud charge.
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- 2.2. Effects of charge on cloud droplets

e, arge on droplets/particles on cloud boundaries may be large
0 influence electrically sensitive cloud microphysical
condensation [5].
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Highly-charged droplets/particles exist at ¢

sents a new mstrument designed to detect
clouds. The instrument measures bipolar air
conductivity, 2sponding to positively and negatively charged
been measured from 1966 to 1979 at Kew atmospheric cluster ions.

tory, London [3].
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Fig 7. Voltage trace from a fair weather flight on 25/04/08. The balloon remained below
cloud base throughout. During measurements, the balloon ascended at ~ 0.1 ms™,
| between 300 and 520 m above the surface. The ratio of positive to negative conductivity
was c+/c- =0.98 + 0.04.

1 a fair weather day (Fig 7), and non-fair weather day
sensor reached cloud base, are shown here.
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Fig 6. Tethered balloon set up and conductivity sensor (bottom
left picture) at Chilbolton, UK. (The grey box in the bottom left
picture is an aerosol spectrometer operated by the University of
Leeds.)
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Fig 8. Voltage trace from a non-fair weather flight on 29/04/08. The balloon ascended

from 250m-550m and encountered a small cumulus cloud at a height of 450m (~8.6

hours). It is clear that sensor was no longer measuring conductivity in this region

(departure from exponential behaviour), but was instead responding to space charge.
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