
 

 

Predicting Heavy Precipitation and Lightning for a 

Mesoscale Convective System Case Over Southern 

Brazil 
 

Zepka G. S., Azambuja R. R., Vargas Jr. V. R., Saraiva A. C. V., Pinto Jr. O. 

ELAT/CCST, Atmospheric Electricity Group 

INPE, National Institute for Space Research 

São José dos Campos, SP, Brazil 

E-mail: giselezepka@gmail.com 

 
Abstractð On December 10th through 11th 2012, a strong 

convection activity over southern Brazil grew into a huge 

Mesoscale Convective System (MCS) accompanied by heavy 

precipitation, hailstorm, damaging winds and dangerous 

lightning. The Civil Defense Authority reported that over 700,000 

people experienced power outages due to either strong winds or 

lightning strikes or even suffered from flash floods caused by 

high rain volumes. The Brazilian Lightning Location System 

(BrasilDAT) detected more than 90,000 cloud-to-ground (CG) 

lightning strikes during the MCS activity, and approximately 

4,000 CG strokes presented large peak currents over 75 kA. The 

main objectives of this work were to achieve the most suitable 

configuration of the Weather Research and Forecasting (WRF) 

model, and to apply the Potential Lightning Region (PLR) tool, in 

order to forecast reliably this type of severe weather event with 

enough time in advance to adopt strategies that might minimize 

injuries and hazardous situations in the future. Firstly, the CG 

and IC lightning stroke rates, the peak currents distribution, and 

the IC/CG ratio were evaluated. Observed precipitation from a 

homogeneous network of surface meteorological stations was 

used as proxy data. Lightning and precipitation were compared 

during the MCS development in order to seek for correlations. 

As well known, current operational models cannot predict 

convective subgrid scale processes explicitly, due to their 

microscopic and discontinuous nature, and must do so via 

parameterization. In this case, a cumulus scheme should try to 

transport heat vertically, redistribute moisture, and reduce 

thermodynamic instability. Four cumulus parameterization 

schemes (CPS) in the WRFv3.3.1 model were investigated to 

proper simulate this MCS over southern Brazil. WRF grid points 

near meteorological stations with high accumulated precipitation 

values were chosen in order to assess the behavior of the 

simulated data against the observations. The Potential Lightning 

Region (PLR) is a tool that indicates the spatial distribution of 

lightning occurrence probabilities in a given area. PLR was 

developed from a combination of WRF output variables, and 

operationally tested over southeastern Brazil. The WRF 

convective parameterization selected from the previous analysis 

was used to generate new PLR maps over southern Brazil for the 

MCS. This case study served as a laboratory to expand PLR 

capabilities in the prediction of severe weather events. 
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I. INTRODUCTION 

Mesoscale Convective Systems (MCSs) consist of a 
particularly well-organized cluster of clouds in different stages 
of life cycle that produce a contiguous area of convective and 
stratiform precipitation which can extend for several hours 
with a horizontal extension of at least 100 km [Houze, 1993]. 
These large thunderstorms are substantial producers of rainfall 
and lightning in the tropics and mid-latitudes during the warm 
season. In South America, MCSs are frequently found between 
the 20° S and 40° S latitudes, including Paraguay, Uruguay, 
northeastern Argentina, and southern Brazil [Velasco and 
Fritsch, 1987; Machado et al., 1998; Siqueira et al., 2005; Silva 
and Berbery, 2006; Teixeira and Satyamurty, 2007]. This is 
mainly due to the strong advection of warm, moist air provided 
by the South American Low-Level Jet (SALLJ) on the east of 
the Andes during the spring and summer seasons [Velasco and 
Fritsch, 1987; Marengo et al., 2004]. Several studies have 
reported the cloud-to-ground (CG) lightning activity in MCSs 
around the world [e.g. Goodman and MacGorman, 1986; 
Orville et al., 1988; Rutledge and MacGorman, 1988; Keighton 
et al., 1991; Holle et al., 1994; MacGorman and Morgenstern, 
1998; Parker et al., 2001; Carey et al., 2005]. The southern and 
southeastern Brazil is known for having high incidence of 
cloud-to-ground (CG) lightning flashes that are usually 
associated with the passage of MCSs [Nesbitt et al., 2000; 
Abdoulaev et al., 2001; Pinto Jr. et al., 2004; Zipser et al., 
2006; Mattos and Machado, 2011]. 

In spite of their substantial contribution to the production of 
significant weather, MCSs are not forecast very well [Corfidi 

Sponsored by FAPESP (Fundação de Amparo à Pesquisa do Estado de 
São Paulo) under grant numbers 08/56711-4 and 2011/17806-2. 



et al., 1996]. Size, movement, and lifetime of these convective 
clusters are often critical to a good forecast. In South America, 
the mechanisms behind the formation of MCSs are poorly 
understood mainly due to a lack of observational data coverage 
in areas where such systems take place, except in periods in 
which field experiments occur. The option is the use of 
regional models; but experiments with regional models for 
predicting MCSs during SALLJEX (South American Low-
Level Jet Experiment) [Vera et al., 2006] show that still there is 
some deficiency as regards to the position and intensity of 
these systems predicted by models. This is probably related to 
the lack of observations assimilated by analyzes, especially 
along the Andes, or the low resolution of the models that do 
not simulate well the aspects of mesoscale and local 
circulations. 

The purpose of this paper is to evaluate and discuss the 
performance of the Weather Research and Forecasting (WRF) 
model in predicting the heavy precipitation and the lightning 
activity produced by a huge MCS that occurred over southern 
Brazil in the middle of December 2012. Firstly, the synoptic 
conditions responsible by the MCS occurrence were presented 
and discussed. Cloud-to-ground (CG) and intracloud (IC) 
lightning distributions through the life cycle of this MCS were 
analyzed and compared with observed rainfall data to seek for 
correlations. The polarity and peak currents of CG strokes were 
also investigated. Simulations were performed using different 
cumulus parameterizations on WRF model, in order to check 
for the best match with the observed precipitation. Finally, the 
Potential Lightning Region (PLR) tool [Zepka et al., 2014] was 
used to forecast the areas with probability of lightning 
occurrence associated with the MCS. For the first time, PLR 
was tested for a region different from southeastern Brazil, 
where it was conceived and is used operationally. 

II. METEOROLOGICAL SCENARIO 

From December 10
th
 until 11

th
 2012, severe convective 

storms took shape over Argentina, Uruguay and southern 

Brazil (Fig. 1) leaving injury and destruction in their wake. As 

a result of a combination of different weather conditions, a 

strong convection activity growing into a huge mesoscale 

convective system associated with cyclogenesis. The synoptic 

situation was briefly analyzed using surface and upper air 

charts from CPTEC (Center for Weather Forecasting and 

Climate Research/Brazil), IR (infrared) satellite image and 

radar data. In Fig. 2, the 250mb chart (for 12/11/2012 at 00Z) 

showed a predominant anticyclonic pattern in most of Brazil 

that was induced by the presence of the Bolivian High (BH) 

over the northern Argentina (18
o
S/70

o
W), and the Subtropical 

Jet Stream (STJ) over the Río De La Plata Basin. As a 

consequence, intense difluence was induced which, along with 

the passage of shortwave troughs in southern Brazil, enhanced 

convection and increased the instability of the lower-

troposphere over Rio Grande do Sul (RS) state. In the 850mb 

chart (Fig. 3), a flow with speed exceeding 20 knots is noted 

between southern Bolivia and northern-central Argentina, 

indicating the performance of SALLJ in making the 

atmosphere even more unstable with the transport of heat and 

moisture from northward to southern Brazil. At surface (Fig. 

4), it is possible to observe a strong temperature gradient 

between north-northeastern Argentina and southern Uruguay, 

where a cold front moved rapidly northeastward driven by a 

minimum low-pressure of 996 hPa at 40
o
S/53

o
W. The 

GOES13-IR satellite image (Fig. 5) at 0130UT for 12/11/2012 

shows strong convection associated to the MCS over southern 

Brazil. Intense precipitation cells were observed by Canguçu 

Radar (located in the city of Canguçu/RS ï 31
o
S/52

o
W) for the 

same time period (Fig. 6). The reflectivity data is an integrated 

CAPPI (Constant Altitude Plan Position Indicator) image. 

 

Fig. 1. Geographical map with the location of Rio Grande do Sul state 

(southern Brazil). Region of interest from where the lightning and the 

observational data were analyzed. 
(pt.wikipedia.org/wiki/Ficheiro:RioGrandedoSul_MesoMicroMunicip.svg) 

 

Fig. 2. 250mb chart. The locations of the Bolivian High (BH) and the 
Subtropical Jet Stream (STJ) are indicated on the map. Rio Grande do Sul 

(RS) is the southmost state of Brazil.  
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Fig. 3. 850mb chart. The South American Low-Level Jet (SALLJ) is 

indicated on the map. 

 

Fig. 4. Surface pressure chart. 

Heavy precipitation, hailstorm, damaging winds, and 

strong lightning activity were reported from the regions where 

the MCS passed through. The Civil Defense Authority of Rio 

Grande do Sul state reported that over 700,000 people 

experienced power outages due to either strong winds or 

lightning strikes or even suffered from flash floods caused by 

high rain volumes. Figs. 7 and 8 illustrate two cases of 

damage caused by the MCS that were recorded by a local 

newspaper. 

 

Fig. 5. GOES13-IR satellite image at 0130UT on December 11th, 2012 

showing the MCS passing through Uruguay and Rio Grande do Sul state. 

 

Fig. 6. MaxCAPPI radar image at 0126UT on December 11th, 2012 

indicating the high reflectivity band associated with heavy precipitation of the 

MCS. The radar data is available by Rede de Meteorologia do Comando da 
Aeronáutica (REDEMET, http://www.redemet.aer.mil.br). 

III.  TOTAL LIGHTNING FROM BRASILDAT 

The BrasilDAT Network is a lightning detection network 
based on the EarthNetworks Total Lightning System (ENTLS), 
which is an integrated total lightning detection system that 
combines wide-band sensors and relative dense network 
deployment to detect both IC and CG discharges 
simultaneously. The BrasilDAT deployment started in 

SALLJ 



December 2010 and now is composed by 56 sensors covering 
the southeastern, southern, center and part of northeastern 
Brazil. Some theoretical calculations show that BrasilDAT has 
presently 85% to 90% CG detection efficiency, about 50% to 
60% IC detection efficiency, and about 500 m CG location 
accuracy in southeastern Brazil [Naccarato et al., 2012]. No 
study has yet been published regarding these estimates for the 
region of interest in this paper. In the following analysis, the 
values used for the CG and IC detection efficiency (DE) are 
based on some case studies still under development. 

 

Fig. 7. Photo recorded by a local newspaper showing that the winds were 
strong enough to uproot the tree (http://zerohora.clicrbs.com.br/rs/fotos/veja-

fotos-do-mau-tempo-no-rs-durante-a-madrugada-34544.html). 

 

Fig. 8. Photo recorded by a local newspaper showing a house that caught fire 

after a short-circuit in the power network caused by lightning strike 
(http://zerohora.clicrbs.com.br/rs/fotos/veja-fotos-do-mau-tempo-no-rs-

durante-a-madrugada-34544.html). 

CG and IC lightning data provided by BrasilDAT for the 
Rio Grande do Sul area (see Fig. 1), from December 10

th
 until 

11
th
 2012, were used in this study. Six sensors cover the RS 

state and participate in the solutions. Fig. 9 shows the temporal 
distribution of CG and IC lightning strokes for the whole 
period of the MCS activity over southern Brazil. The CG and 
IC discharges registered by BrasilDAT are represented by the 
black and orange histograms, respectively. It is possible to 
observe that the maximum activity of CG (11,602 strokes) 
occurred in the early morning of the day 11, exceeding the 
peak IC activity (10,430 strokes) verified hours later. As the 
detection efficiency (DE) of BrasilDAT is different for CG and 
IC, both rates must be corrected. It was assumed a DE~90% for 
CG strokes and a DE~40% for IC. After correction, the new 
curves were added in Fig. 9: black, indicating the behavior of 
CG strokes, and orange, the activity of IC. The corrected 
temporal evolution starts with peak IC activity changing to 
predominant CG activity and concluding with a substantial 
number of IC strokes before the total dissipation of the MCS. 
The most vigorous period of the MCS corresponded to the first 
maximum of CG and IC strokes. 

 

Fig. 9. Temporal evolution of CG and IC strokes during the MCS activity 

over southern Brazil. The lightning data were corrected according to the 
estimated DE of BrasilDAT for CG and IC in the region of interest. 

 

Fig. 10. Temporal evolution of IC/CG ratio before and after DE correction. 

Fig. 10 shows the behavior of the IC/CG ratio during the 
passage of the MCS. Considering the number of CG and IC 
strokes corrected by DE, the average IC/CG for the entire 


