A model of the electric fields and currents generated by an electrified cloud
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A mathematical model of an electrified cloud is constructed. A stationary model of electric current continuity is used in a domain that includes the cloud, ambient air, and the ionosphere. An external current is set as the electric generator. It exists due to the gravitational settling of charged water droplets or ice floes. The components of the conductivity tensor above 90 km are calculated using empirical models of ionospheric parameters IRI-2016, MSIS 1990 E and IGRF. They give ionospheric Pedersen and Hall conductances both about 0.2 S. The adjoint ionosphere is assumed to be identical to the main one. The conductivity of air below 50 km is set in accordance with an empirical model, which is some kind of averaging of known models [1]. In the 50-90 km layer, the conductivity is obtained using smooth interpolation. Inside the cloud, the conductivity is set to be an order of magnitude lower than in the ambient air at the same altitude.
A cloud having the shape of an ellipsoid of rotation with a vertical axis of 10 km and horizontal axes of 20 km, centered at an altitude of 10 km, is considered under conditions characteristic of the Gulf of Mexico at 6 o'clock UT in June. According to the Carnegie diagram [1], an electric field with strength of 100 V/m is set at sea level. With the conductivity model used in this simulation, the conductivity is 3.4∙10-14 S/m near the sea surface and the fair-weather current density is 3.4 pA/m2. The result is a sea-ionosphere voltage of 195 kV, an atmospheric column conductance of 1.7∙10-17 S/m2, and the homogeneous atmospheric conductor thickness of 2 km. A vertical external current with density of 2600 pA/m2 is set inside the cloud in purpose to obtain 40 MV voltage between the lower and upper boundaries of the cloud. We solve the electrical current continuity equation numerically using the multigrid finite element method.
As a result, spatial distributions of electric fields and currents are designed, and charge density is also found. A current of 0.2 A goes from the cloud to the ionosphere, and the same current comes to the cloud from the sea surface. In addition to the charges which always present in the fair-weather air due to the increase in conductivity with altitude, charges of +14 C and -24 C are formed at the upper and lower boundaries of the cloud, as well as additional charges in the air and on the sea surface under the cloud. The electric field with strength up to 2.7 mcV/m is obtained in the ionosphere.
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