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ABSTRACT

The long-term variation of the cloud-to-ground lightning flash density in terms of its geographical, monthly and
diurnal distribution is presented, based on the longest lightning data set ever obtained in the tropics. The
results are based on 12.8 millions cloud-to-ground lightning flashes recorded in the southeastern Brazil from
1988 to 1995 with a lightning network consisting of four LPATS sensors located in Minas Gerais. They should be
considered as reference for future studies in this region.

INTRODUCTION

The geographical distribution of cloud-to-ground lightning flashes has been studied by several authors. Orville
(1991,1994) and Orville and Silver (1997) have published results for the contiguous United States from 1989 to 1995,
using a network of over 100 wideband magnetic direction finders augmented by time-of-arrival sensors beginning in
1994. Hodanish et al. (1997) have published results for the state of Florida from 1986-1995. The monthly distribution of
lightning activity has also been studied by several authors (Lopez and Holle, 1986; Orville, 1994; Reap, 1994; Watson et
al., 1994; Pinto et al, 1996; Orville et al., 1997; Hodanish et al., 1997; Orville and Silver, 1997; Rocha et al., 1997; Pinto
et al., 1997; Orville et al., 1997). In particular from summer to winter season, is also well documented: lightning activity
over land has a maximum in the summer season and a minimum in the winter season. The hourly variability of the cloud-
to-ground lightning activity, in turn, is well known to have a large peak associated with the maximum convective activity in
the afternoon, even though variations of this pattern can also exist associated with local meteorological and orographic
aspects. In Brazil, the first studies were published by Pinto et al. (1996) and Pinto et al. (1997). In this paper, the results
of the first long-term study in Brazil of such distributions are presented.

LIGHTNING DATA

The data used in this paper were obtained by a lightning positioning and tracking system (LPATS), version lll, located in
the state of Minas Gerais, southeastern Brazil, during the years from 1988 to 1995. At that time, the system was
composed of four sensors (for more details, see Pinto et al., 1996). Although the system was originally designed to cover
a total area of 1,400,000 kmz, we have considered in this study only the region situated between 16° and 23° S and 42°
and 48° W (about 420,000 km2). This region corresponds approximately to the region for which the distance of any point
to the geometric center of the sensors is below or equal to 350 km. The reason for this limitation was to guarantee high
detection efficiency and high location accuracy. From the comparison of LPATS results with balloon electric-field data
(Pinto et al., 1992 a,b) and CIGRE 10 kHz lightning flash counter data (Diniz et al., 1996) it was estimated that in this
region the average detection efficiency is around 70 % and the location accuracy is better than 10 km. The flash density
values in this paper were first calculated multiplying the measurements by an arbitrary factor of 1.4 to correct for the 70
% efficiency. In fact, the assumption of a uniform flash detection efficiency may be not real. It is possible that it may be
lower than 70 % near the edges of the region considered. In order to take this fact into account the flash density was
recalculated considering the efficiency values provided by manufacturer of system (Global Atmospheric, Inc). The
lightning data were referenced to grid blocks that are approximately 55x55 km. This size was adopted so that the error in
the flash location would not affect significantly the results, that is, misplacement of flashes by one grid block when the
flash location is close to the grid block borders would not affect significantly the results. A similar procedure was adopted
by Reap (1986). Here is worth mentioning that possible variations in the lightning parameters for distances less than 50
km would not be observed in this analysis.

RESULTS AND DISCUSSION

Figure 1 shows the geographical distribution of the average cloud-to-ground lightning flash density during the period from
1988 to 1995, assuming a constant detection efficiency of 70 %. Figure 2 shows the same flash density, but at this time
considering the detection efficiency values provided by the manufacturer of the lightning system. Although these
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efficiency values are not necessarily real, they are supposed to be more representatives of the real values than the
assumption of constant detection efficiency. Figure 3 shows the diurnal distribution of cloud-to-ground lightning flashes
for the same period. The distribution has the typical pattern obtained in most parts of the world, with a peak around
afternoon. This distribution is indicative that most lightning flashes in the southeastern part of Brazil originates from
isolated thunderstorms with a minor contribution of large convective systems. Figure 4 shows the monthly distribution of
cloud-to-ground lightning flashes for the same period. The distribution presents two peaks in the months of February and
November. Such a behavior is typical for tropical regions and is in agreement with temperature data.
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Fig. 1 — Geographical distribution of Fig. 2 — Geographical distribution of
cloud-to-groud lightning flashes cloud-to-ground lightning flashes
from 1088 tn 100R from 1988 to 1995 corrected by the

detection effeciency of the system.
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Fig. 3 — Diurnal distribution of Fig. 4 — Monthly distribution of
cloud-to-ground lightning flashes cloud-to-ground lightning flashes
in the southeastern Brazil from in the southeastern Brazil from
1988 to 1995. 1988 to 1995.

CONCLUSION

The results presented in this paper represent the first long-term results obtained in the southeastern Brazil regarding
density, and monthly and diurnal distribution of cloud-to-ground lightning flashes and should be consider as reference for
future studies in this region.
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