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This paper presents the basic electrodynarnics elements for studying the atmospheric behaviour and allowing the simulation of 
lightning trajectory. The principal electrodynamics models are presented and from the comparisons their major distinctive goals are 
briefly pointed out. The authors have identified that, though several models have been developed, it is necessary to obtain a realistic 
simulation model yet. 

INTRODUCTION 

Lightning consists basically of a high current 
(—kA), transient atmospheric electric discharge with 
path length around several kilometers. II is due to a 
great amount of electric charge (-10-100C) 
accumulated in thunderclouds (cumulonimbus) and 
occurs when the electric field exceeds locally the air 
electric insulation (> 400kV/m).There are five types of 
lightning discharges: intracloud, cloud-to-ground, 
cloud-to-cloud, from cloud to air surrounding it and 
from cloud top towards stratosphere. To human 
environment cloud-to-ground lightning is the most 
important although observations have shown that its 
occurrence is very much less than the intracloud 
one.The main stages of cloud-to-ground lightning are 
essentially the preliminary breakdown, the stepped 
leader, the connecting leader and the return stroke, 
however subsequent stages may also occur (Volland, 
1984; Uman, 1987). 

In this paper we are interested in the 
development of stepped leader, which establishes the 
atmospheric ionized path to the complete lightning. 
Thus we consider basic elements of atmospheric 
electrodynamics, the models for simulation of lightning 
trajectory and their main features. 

BASIC ELEMENTS 

In general for obtaining a more complete 
lightning discharge model, we assume that the stepped 
leader progresses in the direction of the maximum 
potential gradiente at its tip. Due to involved problem, 
physical approximations are adopted so that the electric 
field can be found as the gradient of a scalar potential 
(E= - V9). 

In such a case, we have the following equation 
for the scalar potential (Anderson and Freier, 1969; 
Pinto, 1987): 

V24)  / Tc  - 1 / T (V20 + 2Ka4)/a2) = V•J /e 	(1) s o , 
where Tc  is the characteristic time of the 

process; T is the relaxation time of the air, given by 

T=e0/a; a is the atmospheric conductivity; J s  is the 
current density of the charge source and E0  is the 
permittivity of free space. The conductivity is 
assumed to have an exponential profile given by 
a=a0exp(2Kz), where z is the altitude, (2K) -1  is the 
conductivity scale height and a o  is the conductivity of 

the ground. In general, ao  is between 10-15  and 10-13  
mho/m. It is worth noting, however, that the solution of 
equation (1) does not depend on a o. In fact, such a 
conductivity profile is a reasonable approach just to 
clear air. The magnitude and variation of the 
conductivity in the cloud environment of a 
thunderstorm are open to considerable questions. Some 
authors have considere,d that the conductivity inside the 
cloud is reduced by a factor of about 2 or 3 concerning 
the same altitude outside (Kasemir, 1965; Tzur and 
Roble, 1985). In some works, authors have considered 
for simplicity the conductivity inside the cloud equal to 
that outside, since otherwise equation (1) would not 
have analytical solution. 

For lightning discharges T c  is very small (less 
than one second), and only the first temi in the right 
side of the equation (1) needs to be considered. The 
resulting equation has the coulomb solution. To this 
solution, we have added the solution of equation (1) 
just before the lightning discharge, as an initial 
condition, which corresponds to the charge separation 
process inside the cloud. This initial condition is 
obtained from equation (1) considering just the second 
term in the right side, since in this case T c  is relatively 
long (tens of minutes). The resulting equation has the 
following solution 

. 1 / 47r£0  qi / Ri exp( -K [ Ri + Azi] ), 	(2) 

where 
Ri  = [ r2 (z_zi)2 ]  

the index i accounts for the charge qi and its image, and 
r and z are the cylindrical coordinates of a point in the 
atmosphere. It is worth noting that during the lightning 
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discharge, Lhe potential given by equation (2) should 
remam n constant, since the atmospheric response to the 
field changes (t) is much slower than the duration of 
the discharge. This combined solution allows us to 
establish the electrodynamical analysis for the 
atmosphere and, in special case, to simulate the 
trajectory of lightning. 

MODEL COMPAR1SONS 

We analysed the different models for the 
atmospheric electrodynamics presenting their principal 
distinctive goals now. 

The work developed by Anderson and Freier 
(1969) established Lhe theoretical formalism (as earlier 
presented) necessary to study the lightning trajectory in 
the atmosphere. Considering the fast changes of 
lightning discharges compared with the atmospheric 
quasi-stationary situation, Lhe authors obtained the 
potential distribution for a point vertical dipole with a 
constant conducting atmosphere and with an 
exponentially increasing conductivity and also the 
potential changes during the raising of a positive 
charge upward from the earth which eventually 
neutralizes the lower dipole charge. With this model 
the authors obtained a convective mechanism for 
thunderstorm regenerative charging. 

Considering the vertical and tilted dipole 
configurations in the atmosphere, Takagi et al. (1986) 
computed the increase in the fraction of positive 
ground flashes occurring for various locations of 
lightning charges in a thundercloud related to dipole 
inclination. They used a stepped leader model in which 
a streamer, starting from an infinte cylindrical charge, 
progresses in the direction of maximum potential 
gradient at its tip. They had obtained a mechanism for 
high percentage of positive lightning at middle 
latitudes. 

Considering Lhe lightning at about one 
kilometer above from the point of strilcing on the 
ground, Dellera and Garbagnati (1982) provided a 
model for progression of the negative downward 
channels towards Lhe earth and in inception and 
propagation of upward positive channels from earthed 
structures. They used a ring unipolar charges for Lhe 
clouds, une segment charges for downward and upward 
leaders and point or une charges for Lhe earthed 
electrodes form which it is supposed that the upward 
leaders can develop. Adopting a fractal technique 
Kawasaki et ai. (1989) improved this model by adding 
a certain tortuosity and branches as representative 
characters of lightning channel. Those works allow 
evaluation of the exposure of structures located in flat 
territory and in different orographic conditions. 

Takeuti et al. (1993) presented a recent 
different empirical approach to the problem of Lhe 
calculation of the stepped path in the atmosphere, not 
considering the electric nature of the phenomena but a 
statistical method. A stepped leader to the ground under 
cloud base is modelled on the basis of photographs of 
ground discharges. 'This work analysed the shielding 
effect by high structures as towers. 

Finally Mendes et al. (1996) have improved a 
model similar to Takagi's. They have considered a 
finite charged sphere in the thundercloud and the 
exponential increase of the atmospheric conductivity 
with altitude. This model has showed that the variable 
conductivity also increases the occurrence of positive 
lightning even for a vertical dipole. That result is in 
accordance to experimental results (Pinto et al., 1996) 
in the lowest latitudes. Thus this work establishes a 
more complete model and extends the mechanism 
which leads to a higher percentage of positive 
lightning. Presenting the occurrence of positive 
lightning, Figure 1 gives an example of the results 
obtained in this study compared to the Takagi's 
results. 

Fig. 1 - (a) The percentage of positive flashes 
versus Lhe horizontal displacement of Lhe positive 
charge with respect to Lhe negative charge obtained by 
Mendes et al. (1996), considering a conductivity scale 
height of 5 km, and by Takagi et al. (1986), for a 
constant conductivity. Values for two different altitudes 
of Lhe negative charge (3 and 5 km) are presented. The 
positive charge is located 3 km above Lhe negative 
charge. Both models assume Lhe same values of ro and 
Ko (see Lhe papers for details). (b) The negative charge 
location for Lhe occurrence of positive ground flashes 
obtained by Mendes et al. (1996) (conductivity scale 
height of 5 km) and by Takagi et al. (1986). Positive 
flashes occur in the region below Lhe curves. 

CONCLUSIONS 

Last 30 years several models improved our 
undestanding 	of 	atmospheric 	electrodynamics 
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behaviour. Since they are limited to specific cases it is 
necessary to obtain a more complete lightning 
simulation model yet. Ali those models with their 
theoretical and experimental bases and with distinctive 
features point out to us the convenience and the 
possibility of obtaining a realistic electrodynamical 
model for lightning trajectory. 
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