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Abstract. An 8-year climatological analysis (1989-1996) tection Network (NLDN) data over Houston, Texas. They
of lightning network data over Belo Horizonte, a large city have found a decrease of 12% in the percentage of positive
located in Southeastern Brazil, and nearby surrounding arflashes and no significant effect on the peak current of nega-
eas has indicated a significant enhancement of approximateliive and positive CG flashes.

100% in the negative flash density and of 50% in the positive  |n this paper an 8-year climatological analysis of lightning
flash density over and downwind of the city, compared with gata was made over the city of Belo Horizonte (approximated
the other adjacent areas. A decrease of 25% in the percengeographic coordinates20® S of latitude and 4%W of lon-

age of positive flashes was also observed over and downwingityde) and nearby areas. Belo Horizonte is the capital of
of the city. No urban effect was evident in the peak current ofthe state of Minas Gerais and it has about 2.5 million people.
both negative and positive flashes. These results are in agregyifferent than Houston, which is located near a coastal area,
ment with the recent results obtained by Steiger et al. (2002Be|o Horizonte is located in a central area characterized by
for Houston, except that the strength of the effect is twicea mountain terrain. Negative and positive flash density and
Iarger than in Houston. The reason for this difference is notpeak current, and the percentage of positive flashes were cal-

clear. culated. The results are presented and compared to the ones
Key words. Meteorology and atmospheric dynamics (atmo- Obtained by Steiger et al. (2002). To the best of our knowl-
spheric electricity; convective processes; lightning) edge, this is the first long-term study of lightning character-

istics over a large city in the tropics.

1 Introduction

i 2 Lightning data
Westcott (1995) was the first to reveal the effect of several
cities on enhancing cloud-to-ground (CG) lightning activ-

ity over and downwind of the cities. After that, several re- The lightning data used in this work was obtained by a

cent studies (Orville et al., 2001; Soriano and Pablo, 2002;|‘P'A‘TS network_ |r_13talled in the state of Minas Gerais, in
Steiger et al., 2002; Naccarato et. al., 2003) have confirmedsoumeaSt Brazil, in 1988. The network operated up to 1996,
' ' ! when a hybrid network of LPATS and impact sensors re-

this result. In general, they have attributed the effect to theI dit Duet tant ch in th wwork data aft
urban heat island circulation, even though a possible rold’'aced It. bue fo constant changes in the network, data after

of air pollution has been suggested. Several authors hav%g% were not considered in this study. The data were sorted

found evidence of urban effects on the local weather phe—Into blocks of approximately 0.08ongitude and 0.0Blat-

nomena (Myrup, 1969: Braham, 1974: Huff and Changnon itude, corresponding to an approximate resolution of 9 km.
1973 Semonin and Cﬁangnon 1974 ’Changnon otal. 1987-aking into consideration that several studies (see Pinto et

Landsberg, 1981; Karl et. al., 1988, Balling and Idso, 1989).a|'. (1999a, b, c) and_ refergnces therem)_ha\_/e ShOV.V” that
this type of network is subject to contamination by intra-

Steiger et al. (2002) were the first to investigate the urban e
effect on lightning characteristics, such as the percentage qloud flashes, only CG flashes with first stroke peak current

positive flashes and peak current, based on a 12-year climat arger than 15kA were considered in this study. Although

: - - ; ; the contamination by intra-cloud flashes may extend above
I I I 1989-2 f the N I Ligh De-
ogical analysis (1989-2000) of the National Lightning De this threshold, mainly for positive flashes, the above consid-

Correspondence td: R. C. A. Pinto eration has no influence on the results presented in this pa-
(iara@dge.inpe.br) per. Figure 1 shows the location of the sensors and the city
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Fig. 1. Map of Brazil indicating the location of the lightning sensors Fig. 3. As in Fig. 2, except for positive flashes.
used in this study and of the city of Belo Horizonte.
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Fig. 2. Eight-year (1989-1996) mean annual negative flash densityFig. 4. Eight-year (1989-1996) percent positive lightning centered
in flashes km2yr—1 centered on Belo Horizonte (indicated by a on Belo Horizonte (indicated by a black rectangle), at a spatial
black rectangle), at a spatial resolution of 9 km. resolution of 9 km.

of Belo Horizonte. More details about the network can bein the city have a northerly component and hence, upwind
found elsewhere (Pinto et al., 1999a, b, c; Pinto et al., 2003)(downwind) areas are located to the north (south). Figure 3

shows the same distribution for positive flashes. An enhance-

ment is still evident, although it has lower strength (approxi-
3 Results and discussion mately 50%) than that in Fig. 2. Considering the total num-

ber of flashes, an enhancement of approximately 85% was
Figure 2 shows the geographical distribution of the mean aneobserved. This value is larger than that found by Steiger et
nual negative flash density over Belo Horizonte and nearbyal. (2002) over and downwind of Houston (45%), and simi-
areas. A large enhancement (approximately 100%) is evilar to the maximum value reported by Wescott (1995) for 16
dent over and downwind of the city. The prevailing winds cities in the United States.
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Fig. 5. Eight-year (1989-1996) mean negative peak current in kA
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Fig. 7. Mean altitude map in meters centered on Belo Horizonte

centered on Belo Horizonte (indicated by a black rectangle), at aindicated by a black rectangle), at a spatial resolution of 9 km.

spatial resolution of 9 km.
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Fig. 6. As in Fig. 5, except for positive peak current.
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Figure 4 shows the percentage of positive flashes ove
Belo Horizonte and nearby areas. The percentage of positiv

flashes decreases by approximately 25% over and downwing

of Belo Horizonte. This result confirms the previous result

are required to explain this lightning characteristic pattern.

Figures 5 and 6 show the negative and positive peak cur-
rent, respectively, over Belo Horizonte and nearby areas. No
evidence of an urban effect was found. However, a decrease
in the peak current of both polarities is evident southeast of
Belo Horizonte, mainly for negative flashes. The decrease
in peak current may be related to the higher altitude in this
region, as evident in Fig. 7, which shows the average altitude
based on the Earth Topographic 5-min Model provided by
NOAA. The change of peak current as a function of altitude
was first observed by Reap (1986). More recently, Orville
and Huffines (1999) have also found evidence of such arela-
tionship.

4  Conclusions

In this paper, an 8-year climatological study (1989-1996) of
lightning network data in a large city of Brazil was presented.
To the best of our knowledge, this is the first long-term study
reported in the literature related to the role of urban effect on
cloud-to-cloud lightning in the tropics. It has indicated a sig-
nificant enhancement of approximately 100% in the negative
flash density and of 50% in the positive flash density over and
Hownwind of Belo Horizonte, a large city located in South-
Bastern Brazil, compared to the nearby surrounding areas. A
ecrease of 25% in the percentage of positive flashes was
also observed over and downwind of the city. The strength

obtained by Steiger et al. (2002), who found a decrease Ofy the yrhan effect was higher than in Houston, for a simi-

12% over Houston. Steiger et al. (2002) have made a comp,, study (Steiger et al.
prehensive discussion about the possible explanations for thi i

2002). No urban effect was evident
M the peak current of both negative and positive flashes, in

decrease in percentage of positive flashes. They have founggreement with the results obtained in Houston.

in the literature contradictory hypotheses on how pollution
may affect the polarity of CG flashes. Clearly, further obser-
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