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Introduction

• The goal of this study is to analyze the electrical activity
embedded to the coastal Amazon Squall Lines (ASL),

• observed and measured the 23rd June of 2011 over the 
region of Belém. 

• The electrical activity was measured by different types of 
systems: 
– 3 Electric Field Mills (EFM);

– and 2 VLF Lightning Detecting Network (LDN) the STARNET and the 
Vaisala GLD360. 



Methods

• The electrical activity produced by the ASL was studied for two 
spatial scales: 
– a regional scale following the lightning flashes detected by the VLF 

systems during the ASL life cycle; 
– and a local scale studying the vertical electric fields measured by EFMs 

when the ASL shift over Belém city.

Regional scale with FM position

Local scale with FM position



Results and discussion: Regional scale

• The number of flash events collected by the GLD360 during the ASL is about 10.9 
times the number of flash events collected by the STARNET

• Indeed, the GLD360 detects more IC flashes and more low peak current flashes 
than the STARNET. 

– The STARNET receivers are focused on GC detection (Chronis and Anagnostou 2006);

– while the GLD360 does not distinguish between ground and cloud flashes (Said et al. 2011);

– Moreover the GLD360 could detect Sferics from low peak current discharges at large 
distances (Said et al. 2011).

GLD360 and STARNET, time 
distribution of flash events, limited 

by -3S, 1N and -52W, -46W.



Results and discussion: Regional scale

• The lightning events detected by the VLF networks STARNET(overlaid as magenta dots) and 
GLD3060 (overlaid as blue dots) are mapped and compared to the isolines of cloud top 
temperature calculated from the pixel color of enhanced infrared (IR) satellite images, GOES-12 
(INPE/CPTEC/DSA ) : -40°C gray line and -70°C black line
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Results and discussion: Regional scale

The intensification phase of the ASL 
is embedded to 3 strong peaks of 
lightning flash: 

1) at the beginning of the 
intensification phase when the 
growth rate of the area 
covered by cloud top 
temperature <70°C was 
maximum (first convective 
burst); 

2) In the middle of the 
intensification phase; 

3) at the end of the 
intensification phase, marking 
the ASL maturation. 
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Results and discussion: Lightning clusters 

• By tracking the main lightning clusters in time, it was observed that:
– the ASL was mainly expanded towards the west, until the middle of the intensification phase, 

when the core of the dominant cell storm reached the Amazon River. 
– Subsequently, the dominant cell of the ASL changed its drift direction, close to the 

experimental sites of Outeiro and Benevides.
– Next, the ASL was mainly expanded towards the Southwest and the core of the dominant cell 

storm seemed to follow the Amazon River side. 

• The cell storm direction and intensification from Outeiro suggest an influence of 
the river-breeze.

Lightning clusters from GLD360 as a 
function of weight and time (UTC)

Lightning clusters from GLD360 embedded 
with time /number of lightning



Results and discussion: Regional scale

• The fine-weather electric field is about 100 V/m
• the thunderstorm electric field can reach 20 kV/m
• The effective detection range of an EFM varies from a few km to perhaps as much 

as 20 km 
• Localization impossible due to the time sample of 1s

The time of Cloud-to-Ground (CG) 
strikes was calculating as an 

instantaneous reversal of the electric 
field with a magnitude drop >1 kV/m



Results and discussion: Regional scale

• Outeiro: the electric activity was 
intense (until 4000 V/m). 

• This activity may result from the 
convergence between the main 
cell storm with the river-breeze 
which intensified the deep 
convection over Outeiro and 
increase the cloud charge.

EFM signal with the identified CG flash time, compared 
to the lightning events of the VLF networks plotted in 

function of flash distance from each experimental base 
and to the rain rate
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