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Introduction
• STARNET is a long range lightning network that uses Very Low 

Frequency (VLF) receivers to measure the radio noise emitted by 
lightning discharges in the frequency range of 7-15 kHz. STARNET 
network receivers were manufactured by Resolution Displays, Inc 
and employ the Arrival Time Difference (ATD) method to locate the 
sferics (Lee, 1986). The present VLF receivers are capable to 
measure up to 100 sferics per second and identify the lightning 
polarity (Morales et al., 2007).  

• STARNET was deployed in 2006 with the installation of 3 antennas
(Guadeloupe, Fortaleza and São Paulo) that were integrated with 
African receivers (Nigeria, Ethiopia, Tanzania, and South Africa) of 
World-ZEUS. During 2007-2009, four more antennas were installed 
in Brazil (Campo Grande, São Martinho da Serra, Brasilia and 
Manaus).

• In the present study, we evaluate the STARNET performance during
year of 2009 by comparing its observations with the ones measured 
by the Brazilian Lightning Detection Network – RINDAT and the 
Lightning Imaging Sensor – LIS



Locations of STARNET VLF antennas

Since 2009, 8 VLF antennas are operating, i.e., 1 
Guadeloupe, 6 in Brazil (Fortaleza, Manaus, 
Brasilia, Campo Grande, Sao Martinho da Serra 
and Sao Paulo), and 1 in Halmilton (South Africa)



Arrival Time Difference – ATD technique (Lee, 1986) 

Continuous measurement of Ez

Time Correlation between 2 
sferics waveforms define an 
ATD
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Antenna participation



Location ErrorsLocation Errors
• Data employed as our consolidated “ground truth”:

Brazilian Lightning Detection Network – RINDAT. 47 LPATS/IMPACT 
antennas that cover most of the South, Southeast and Center of Brazil. 
Accuracy: 0.5-2 km. 
Lightning Imaging Sensor – LIS – Accuracy: ~ 10km

• Coincident matches
Time constrain of 0.001 second for STARNET/RINDAT  - Sferics/Strokes
Time constrain of 0.33 seconds for STARNET/LIS – Sferics/Events

• Period: 2009



6,53822,956306,875# of Matches

42.1547.5712.97Geometric

19.2322.088.43Harmonic

82.4186.3217.7Arithmetic

LIS  BrazilLIS All DomainRINDATMean Errors 
(km)



Detection EfficiencyDetection Efficiency
• To evaluate the detection efficiency we have employed 2 approaches

a) Grid/Temporal: Both STARNET and RINDAT are binned in grids of 
1x1 degree with 15 minutes time interval.  For each grid that has at 
least 10 strokes from RINDAT, we compute the ratio between the 
number of sferics occurrences (STARNET) by the number of 
observed strokes (RINDAT). Later, we compute the mean value for 
the hour and for each grid box.

b) ThunderstormThunderstorm : Evaluation of the ratio between the lightning 
occurrences observed by STARNET and RINDAT for each 
thunderstorm. For each GOES-IR image, we delineate all the cloud 
clusters that have brightness temperature (Tb) lower than 258 K.
Then, we collocate the observed lightning observations in a time
window of ± 15min of the IR image and count how many 
sferics/strokes were observed in each thunderstorm. For the 
calculations, only Thunderstorms clusters with radius less than 70 km 
were considered. Finally, we compute the thunderstorm detection and 
the mean thunderstorm lightning detection efficiency for each 1 x 1 
grid box.



Grid/Temporal ApproachGrid/Temporal Approach :



Thunderstorm ApproachThunderstorm Approach :

ThunderstormThunderstorm
detectiondetection

Thunderstorm Thunderstorm 
lightninglightning
detection detection 
efficiencyefficiency



Annual activity







Positive polarity contribution





STARNET web interface
http://www.zeus.iag.usp.br

Realtime data

Re-processed data

Google interface

Thunderstorm Alerts

Rainfall Estimation – SIRT

FTP areaFTP area





Conclusions
• STARNET has location difference of approximately 8-12 km when 

compared to RINDAT, while when it is compared to LIS it varies from 19-22
km. Taking into account that LIS ha an accuracy of 10 km and RINDAT less 
than 2 km, the location accuracy of STARNET would be between 6  the location accuracy of STARNET would be between 6  
and12 kmand12 km .

• In terms of strokes detection efficiency, STARNET measures mainly 50% of 
the RINDAT strokes in their best coverage area.

• For the thunderstorm activitythunderstorm activity , it is possible to state that STARNET 
measures more than 80% of them over South America80% of them over South America , i.e., clouds that 
have at least on sferics or strokes. 

• The STARNET lightning distribution for 2009 is very similar to LIS, where 
both regions with high and low lightning activity are well represented. 

• The polarity spatial distribution shows an increase on positive polarity over 
Mato Grosso do Sul, Paraguay and northern Argentina, coincident with the 
MCS activity.

•• All STARNET sferics measurement are public released into our webAll STARNET sferics measurement are public released into our websitesite, 
http://www.zeus.iag.usp.br (link ftp)
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