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The issue of lightning discharge initiation has a strong lead among the main challenges in 

lightning studies [1,2]. In this report we present a new scenario of lightning initiation and 

development, which involves two stages. At the first stage, the thundercloud forms ion spots 

with a spatial extent of decimeters and about tens milliseconds lifetime, which entails the electric 

field enhancement to the level required for the positive streamer to start [3]. It is shown that in a 

cloud , the ion spots are formed due to the presence of stochastic electric field of charged 

hydrometeors, which continuously converge towards each other in a turbulent flow. These 

convergences create microdischarges which may be regarded as independent ionizing centres. 

We define conditions under which subsequent microdischarges appear against the background of 

remnants of previously formed spots of negative ions increased concentration. Of particular 

importance is the fact that the efficacy of electrons detachment from negative ions increases 

along with the ion incremental temperature increase due to ions drift in the applied electric field. 

This is why the increase in the local field amplitude just before new ionization centre appearance 

significantly contributes to the efficacy of detachment in this local scope of cloud expanse. 

Therefore, the increase in negative ions concentration provides, through detachment, the 

corresponding growth of seed electrons production, thus resulting in higher preionization level. 

We present simulation results showing how a progressive microdischarges interaction results in 

appearance of more intense positive and negative ion spots with the conductivity, gradually 

increasing cycle by cycle, to the level when a charge relaxation time becomes equal to an 

individual ion spot lifetime. In the second stage of the proposed scenario, the ionization process 

in increased conductivity regions is determined by the sum of the external field and polarization 

field of plasma spots. The presence of ion spots in thundercloud dielectric environment reduces 

its electric breakdown effective field for these areas are merely equipotential in the quasi-static 

electric field and ensure field enhancement between adjacent spots poles. These spots of 

increased specific decimeter-sized conductivity far exceed hydrometeors in their ability to 

instigate the positive streamer initiation. Moreover, the polarization effects in poles of the ion 

spots substantially increase the likelihood of new microdischarges onset at hydrometeors 

convergence. We might say that conducting phase nucleation in this case is replaced with a 

coalescence stage. Note that because of ions drift in the surrounding field, spots with increased 

conductivity always look like dipoles oriented along the external field. They are represented by 

the pair of spots, with positive ions dominating in one spot, and negative ions dominating in the 

other spot. If we consider polarization effects and charge asymmetry, it becomes obvious that 



positive streamers start mainly from hydrometeors located at positive poles of of positive ions 

spots. To describe the second stage of the scenario, we apply an original approach based on the 

use of cellular automation networks combined with the self-developing weighted graphs theory 

[4]. We illustrate how a swarm of positive streamers induces a bidirectional leader within a 

thunderclouds engaged with a strong electric field, when the linear size of the scope is several 

meters. 
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