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Chapter

Strong Rainfall in Mato Grosso do 
Sul, Brazil: Synoptic Analysis and 
Numerical Simulation
Sergio H. Franchito, Manoel A. Gan  

and Julio P. Reyes Fernandez

Abstract

Heavy rainfall and strong winds occurred in the South of Mato Grosso do Sul 
State, Brazil on 5 December 2015. In this study the synoptic conditions responsible 
for the storms and their social consequences are analyzed. Also, the state-of-art 
model (WRF) was used to simulate the atmospheric conditions in this severe event. 
The results showed that the storm had harmful consequences both in the cities of 
the region and in the interior of the state, with floods, threw down trees and impacts 
on the energy distribution. The synoptic analysis showed that over the Mato Grosso 
do Sul State at high levels occurred a region of wind difluence which was associated 
with convective clouds of large vertical development. This event was responsible for 
the heavy rainfall and strong winds in the region. The model results showed that the 
simulations were in good agreement with the observations. Thus, numerical weather 
forecast using the model may be extremely useful to obtain important information 
to mitigate the possible adverse effects of future severe weather events. This study 
forms part of a cooperative Project between National Institute for Space Research 
and Energy Power Company aimed to mitigate the impacts of severe events.

Keywords: heavy rainfall in Mato Grosso do Sul state, Brazil,  
impact of severe weather conditions, numerical model simulation

1. Introduction

The distribution and transmission of electric energy sectors are greatly affected 
by the climatic changes due to the global warming. Climate (and its change) is the 
main external agent that affects the electric energy distribution and transmission 
in all the world. The situation is aggravated by the increase of frequency of extreme 
events like tornadoes and severe storms associated to heavy rainfall, windstorms 
and high lightning incidence rate. Thus, studies providing useful information of the 
atmospheric conditions in extreme situations are essential not only for the electric 
energy sector but also for the national economy and people welfare. In this sense, 
recently the National Institute for Space Research (INPE), Brazil, and Energy Power 
Company developed a cooperative project aimed to mitigate the impacts of severe 
events. This is the first project of the Research and Development Program of the 
National Agency of Electric Energy (ANEEL) aimed to identify, monitoring and 
anticipate the occurrence of atypical severe storms that may cause climatic disasters 
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of high impact on the electric energy distribution and socioeconomic sector. One 
of the project components is to identify the atmospheric conditions responsible for 
the severe storm events and the use of a high resolution regional numerical model 
to obtain the meteorological variables (for example, temperature, winds, pressure, 
precipitation) that describe in an adequate way the atmospheric conditions favor-
able for the occurrence of severe storms. The study to be presented here makes part 
of the above project. In this chapter the event of storms in Mato do Grosso do Sul 
State, Brazil that occurred on 5 December 2015 is studied.

Episodes of intense rainfall and strong winds affected the south of Mato Grosso do 
Sul State, (Figure 1) during December 2015. Events of severe weather conditions can 
have harmful impacts on the people life since they cause floods, damage residences, 
interrupt the vehicles traffic and affect the energy distribution and agricultural actives 
[1, 2]. This chapter has a two-fold objectives: (1) to analyze the synoptic conditions 
and social impacts of the rainstorm that occurred on 5 December 2015; (2) to simulate 
the atmospheric conditions that caused this severe event using a state-of-art regional 
climate model. The use of a numerical model can give useful information on the 
evolution of synoptic systems responsible for severe events, which will occur in future 
and thus can be used to forecast these events. This study is not concentrate on the 
evaluation of the impacts on people, i.e. it is focused on the predictive model about the 
meteorological aspects of the storm. The chapter is organized as it follows: Section 2 
presents the Data and Methodology; An analyzes of the synoptic conditions and social 
impacts are shown in Sections 3 and 4, respectively; Section 5 show the numerical 
simulations and the conclusions are presented in the final of the chapter.

2. Data and methodology

Mato do Grosso do Sul State is located in the Center-West Region of Brazil 
(Figure 1) It occupies an area of 357.125 km2 with a population of more than 2,5 mil-
lion of habitants and has a tropical climate. Three vegetation types are present in the 
region: pasture (east), swampland (west) and tropical forest (south).

In order to analyze the synoptic systems responsible for the severe event on 5 
December 2015 data of meteorological variables obtained from the global forecast 
system (GFS—http://nomadis.ndc.noaa/data/gfsanl) analysis are used. To identify 

Figure 1. 
Model domain of the WRF-NMM 9 km. MS in the figure indicates the location of the Mato Grosso do Sul state.
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the synoptic conditions on 5 December 2015 GOES satellite images are used (http://
satellite.cptec.inpe.br/home/novoSite/index.jsp). The state-of-art numerical model 
used is the Weather Research and Forecasting-Nonhydrostatic Mesoscale Model 
(WRF-NMM) [3]. The damage effect of the rainstorm was illustrated using infor-
mation of news agencies.

The Non-hydrostatic Mesoscale Model (NMM) core of the Weather Research and 
Forecasting (WRF) system is a next-generation mesoscale forecast model. The NMM 
model was developed by the National Oceanic and Atmospheric Administration 
(NOAA)/National Centers for Environment Prediction (NCEP) based on the Eta 
model and replaces it in 2005. The model has been designed to be an efficient and flex-
ible mesoscale modeling system for use across a broad range of weather forecast and 
idealized research applications, with an emphasis on horizontal grid sizes in the range 
of 1–10 km. although the NMM is a fully compressible, nonhydrostatic mesoscale 
model it has a hydrostatic option [3]. The model uses a terrain following hybrid sigma-
pressure vertical coordinate. A version of WRF-NMM tailored for hurricane forecast-
ing, HWRF (hurricane weather research and forecasting), became operational in 2007.

The WRF/NMM model with 9 km of horizontal resolution was introduced in 
2015 in the team of models of the Center of Weather Prediction and Climate Studies 
(CPTEC) from INPE. The model domain cover the entire South America, with 
615X1392 WE/SN grid points.

In the simulation presented in this study, the model was integrated for a 
period of 84 h, starting from 1200 UTC 04 December 2015 (with spin-up of 
12 h). A single domain with 9 km horizontal spatial resolution was configured. 
Initial and boundary conditions are derived from 6 h global analysis and fore-
cast at 0.25° × 0.25° grids generated by the National Center for Environmental 
Prediction (NCEP)'s global forecast system (GFS). Analysis fields, including 
temperature, moisture, geopotential height and wind are interpolated to the 
mesoscale grid. These derived fields served as initial conditions for the present 
experiments. The domain is configured with vertical structure of 38 unequally 
spaced sigma (non-dimensional pressure) levels. The physical parameterizations 
used in this study are Geophysical Fluid Dynamics Laboratory (GFDL) [4, 5] for 

Horizontal spatial resolution 9 km

Simulation duration 84 h

Initial and boundary conditions 0.25 × 0.25 GFS Operational Model

Integration time step 15 s

Map projection Rotated latitude and longitude

Grid points WE/SN 615 × 1392

Center domain 58.234 W, 21.633S

Horizontal grid system Arakawa E-grid

Vertical co-ordinate 38 hybrid levels

Radiation parameterization GFDL/GFDL

Surface layer parameterization Janjic similarity scheme

Land surface parameterization Noah Land surface scheme

Cumulus parameterization Betts-Miller-Janjic scheme

PBL parameterization Mellor-Yamada-Janjic.

Microphysics Ferrier scheme

Table 1. 
The WRF model configuration used in the simulations.
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long and short wave radiation, Noah Land surface scheme [6] for land surface, 
Mellor-Yamada-Janjic (MYJ) scheme [7] for planetary boundary layer, Ferrier 
scheme [8] for microphysics, and Janjic similarity scheme [9] for surface layer. 
Table 1 shows the model configuration of the present study.

The use of the WRF model for studies of severe storms can be seen for example 
in [10–12].

Recently, a comparison of the results of the three operational models (WRF, 
Eta, BRAMS) of CPTEC was made. Tests of accuracy applied to the model results 
indicated that the WRF model has a better skill and computational performance 
(not published yet). So, in the present study a subjective (visual) method is used to 
analyze the WRF simulation of the storm.

The methodology used in the present study makes part of the cooperative 
project INPE-Energisa Company. Particularly, the use of the high resolution WRF 
model to predict severe storms is unique. So, the results obtained here may con-
tribute to a better understanding of severe storms conditions and their prediction.

3. Analysis of the synoptic conditions

Figure 2a–f show satellite images for the day 5 December 2015 at 0600 UTC, 
0900 UTC, 1200 UTC, 1500 UTC, 1800 UTC and 2100 UTC, respectively. As can 

Figure 2. 
Satellite images for day 5 December 2015 at (a) 0600 UTC, (b) 0900 UTC, (c) 1200 UTC, (d) 1500 UTC,  
(e) 1800 UTC, and (f) 2100 UTC (source: . (http://satellite.cptec.inpe.br/home/novoSite/index.jsp). MS 
indicates the position of Mato Grasso do Sul state.
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be seen, strong convective activity started to develop in the south of Mato Grosso 
do Sul State during the dawn of day 5 December (Figure 2b and c). In the after-
noon many convective clouds developed in most of the state (Figure 2e and f). 
These convective clouds were associated with the occurrence of heavy rainfall and 
strong wind in the region. The values of the Convective Available Potential Energy 
(CAPE) [13] (Figure 3) indicate that the atmosphere became unstable between 
0600 UTC and 1200 UTC (Figure 3a and b, respectively) remaining unstable 
during the afternoon (Figure 3c). This atmospheric instability was caused by the 
onset of a weak cold front, as shown in Figure 2a and b and Figure 4a and b.

The presence of the cold front in the south of Mato do Grosso State provoked 
the change in the direction of low level winds, as can be seen in Figure 5. As can be 
noted in this figure, northwest strong winds (around 20 m s−1) over Bolivia (come 
from Amazon region) were directed to the north of Argentina. As the cold front 
advanced, the direction of the winds over Bolivia changed towards the east and 
a convergence of mass was created due to the reduction of the magnitude of the 
strong northwest winds and the confluence with the south winds associated with 
the high pressure system behind the cold front.

At high levels (at 350 hPa) northwest winds, which come from Amazon region, 
were also noted (Figure 6). These winds rotated in a counter-clockwise direction 
when they reached Bolivia. It is noted that over the Mato Grosso do Sul State a 
region of difluence of winds occurred during the day which was associated with 
convective clouds of large vertical extension. This provoked the heavy rainfall and 
low level strong winds in many regions of the state.

Figure 3. 
Values of CAPE for day 5 December 2015 at (a) 0600 UTC, (b) 1200 UTC, and (c) 1800 UTC (source: http://
nomads.ncdc.noaa.gov/data/gfsanl).
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Figure 5. 
Low level winds at 850 hPa at 0000 UTC, 0600 UTC, 1200 UTC and 1800 UTC for day 5 December 2015 
(source: global forecast system, GFS).

Figure 4. 
Sea level surface pressure at (a) 0600 UTC and (b) 1200 UTC for day 5 December 2015. The blue line indicates 
the position of the cold front. B refers to the position of an extratropical cyclone.
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4. Social impacts

The heavy rainfall and strong winds that occurred in the south of Mato do 
Grosso do Sul State on 5 December 2015 caused damage effects in the region. In the 
city of Campo Grande (capital of the state) the heavy rainfall persisted by 1 h and 
30 min, causing threw down trees and floods in many places. In Jardim, a city at 
270 km far from Campo Grande, the strong winds of 42 km h−1 also caused harmful 
effects. Many trees fell down, inclusively over cars, and a circus tumbled due to the 
intense winds. After the windstorm many residences remained with lack of electric 
energy by almost 2 h. On 7 December around 100 domiciles retained without 
electric energy in some places of the city of Jardim. In the highway MS-289, between 
Amambai e Coronel Sapucaia (two cities of Mato Grosso do Sul State), there was 
an overflow of a stream let so that the vehicle traffic was interrupted. The storm 
provoked the interdiction of 14 cities in the south of the state. Figure 7 illustrates 
the damage effects in the region.

Figure 6. 
High level winds and divergence of mass at 200 hPa at 0000 UTC, 0600 UTC, 1200 UTC and 1800 UTC for 
day 5 December 2015 (source: global forecast system, GFS).
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5. Numerical simulations

In this section the WRF model is used to simulate the atmospheric conditions during 
the rainstorm on 5 December 2015. We used the WRF-NMM version 3.6.1 [3, 14, 15]. 
Details of the physical parameterization and model integration were given by [2].

As can be seen in Figure 8a and b, the sea level surface pressure field is well 
simulated by the model. There is good agreement between the position of the 
low pressure center associated with the cold front in the model and observa-
tions (point B in Figure 4). The change in the direction of low level winds due to 
the cold front is captured by the model (Figures 5 and 9). The model is able to 
simulate the region of divergence of mass in upper levels over the study region 
(Figures 6 and 10).

Figure 7. 
Damage effects caused by the storms on 5 December 2015 in Mato do Grosso do Sul state. Source: http://g1.globo.
com/mato-grosso-do-sul/noticia/2015/12/temporal-derrubou-pontes-arvores-e-comprometeu-agua-e-luz-em-
jardim.html; http://g1.globo.com/mato-grosso-do-sul/noticia/2015/12/chuva-e-ventania-de-56-kmh-causam-
novos-estragos-em-dourados-ms.html).
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Figure 8. 
Simulated sea-level pressure on day 5 December 2015 at (a) 0600 UTC and (b) 1200 UTC.

Figure 9. 
Simulated low level wind at 850 hPa for day 5 December 2015 at 0600 UTC, 1200 UTC, 1800 UTC, and 2100 
UTC. Units: m s−1.
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The results presented above suggest that the present model may be an useful tool 
to forecast future events of severe weather. Nevertheless, many other experiments 
must be performed to have a better assessment of the model simulations.

6. Conclusions

In this study the synoptic conditions and social impacts of the severe event on 
5 December 2015 in the south of Mato Grosso do Sul State, Brazil were analyzed. 
The results showed that the heavy rainfall and strong winds caused floods, damage 
in several residences and affected the distribution of electric energy not only in 
the region but also in the interior of the state. The synoptic analyzes showed that 
the windstorm was caused by a region of wind difluence at high levels which was 
associated with convective clouds of large vertical development. The WRF model 
was used to simulate the atmospheric conditions in this severe event. The modeled 
values of some meteorological variables were in good agreement with the observa-
tions suggesting that the model may be used in future to forecast adverse weather 
conditions. This study makes part of a cooperative project between the National 
Institute for Space Research and the Energisa power company aimed to mitigate the 

Figure 10. 
Simulated divergence (×10−5 s−1) and high level wind at 200 hPa (m s−1) for day 5 December 2015 at 0600 
UTC, 1200 UTC, 1800 UTC and 2100 UTC.
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impact of adverse weather conditions. The results obtained here may contribute to 
a better knowledge of the atmospheric conditions responsible for severe storms and 
provides subsidies for forecasting these events and thus cooperate with the manage-
ment of the resources of the energy electric sector and civil defense.
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