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Abstract — It is presented a methodology for analysis of
extreme events in the Paraguay River Basin. The number of
electric discharges and stratiform and convective
precipitation data are crossed in the search for correlations
between them. Extreme events can be found from the
establishment of average precipitation and the number of
discharges recorded in the same area. Spatial patterns of
distribution for electric discharges are detected and some
causes for these patterns are discussed. There is a high
correlation between precipitation and the number of
lightning. The results indicate also that orography and the
flooded area may be important factors in defining patterns of
precipitation and electric discharges.

1 - INTRODUCTION

The starting point of this work was to analyze the
accumulated precipitation, electric discharges, stratiform
precipitation and convective precipitation, from
September 2007 to July 2010, totalizing 35 months of
row data in the Paraguay River Basin (BP). The main
objectives were:

a) to show the spatial distribution of the accumulated
precipitation; incidence of electric discharges; stratiform
precipitation and convective precipitation, and by this
study to present the behavior of these variables,
establishing a correlation between the number of electric
discharges and the convective precipitation in the BP;

b) to detect both extreme precipitation and electric
discharges events in the studied area.

The data structure was provided by the data network
STARNET/IAG/USP (STARNET, 2010) [1] and the
sensor TRMM/NASA [2]. The software XPLOT was
developed in the LCA (Laboratory of Atmospheric
Sciences) to organize and distribute all the information
collected during the study period. It is possible to
correlate the evolutive process of the mean convective
precipitations and the number of electric discharges,
both for the dry period as well as for the rainy period in
the region of study.

2 - BASIC CONSIDERATIONS
2.1 INTRODUCTION

The study region is located between latitudes 14° S and
28° S and longitudes 51° W and 68° W in the southern
hemisphere. It covers the states of Mato Grosso and
Mato Grosso do Sul in Brazil and also other neighboring
countries: Argentina, Paraguay and Bolivia.

The basis of our study was to organize data of
accumulated precipitation, stratiform and convective
precipitation and the number of electric discharges. For
this process it was used the data obtained from the
networks and the XPLOT platform to accomplish the
detection and correlation analysis of extreme events.

2.2 - BASIC CONSIDERATION

The XPLOT platform is a software for data processing
mainly used to work with the variables involved in our
study. The main function of this platform was to
distribute the data spatially and temporally on the BP
during the study period, and thereafter classify the data
collected monthly.

The distribution process of each measurement was: a)
temporally separate in intervals of three hours, which
corresponds to time intervals provided by the sensor PR
of TRMM/NASA for the rainfall measure; b) for each
measured point in the basin, the corresponding pixel had
a distance of 0.25° of latitude by 0.25 ° of longitude,
resulting in an area of approximately 713 km 2 per
quadrant; c¢) for each point of this area, it was 3-hour
measurement time during the whole period.

From this point the images containing accumulated
precipitation; electric discharges; stratiform precipitation
and the convective precipitation were processed for each
of the 35 months. To illustrate this procedure, Figure 1
presents an example of data processing that exemplify
the dry period (dry season) and the rainy period in the
BP region in September 2007 and December 2007
respectively.
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Figure 1 — Top: dry period September 2007; bottom: rainy period
December 2007. a) accumulated precipitation; b) electric
discharges; c) stratiform precipitation; d) convective precipitation



The next figure, Figure 2, exhibits the monthly
distribution of the variables during the period of study.
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Time DD/MM/YY Lat.(?) Long.(°) Prec. (mm)
9AM-12PM 9/2/2010 -19 -57,75 220
6AM-9AM 11/2/2010 -20,5 -51,25 186
9PM-0AM 29/3/2010 -25,5 -51,5 201
9PM-0AM 29/3/2010 -25,5 -59,25 202
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Figure 2 - Monthly distribution of the variables during the
period of study. In the right up corner: Accumulated
Rainfall (Prec. Acum), Electric discharge * 10° (Desc.
Eletr.), Stratiform Rainfall (Prec. Estra.), Convective
Rainfall (Prec. Convec.) (mm).

3 — DEVELOPMENT

The total amount of non-zero measurements processed
in this study is about 30 million. These measurements
were analyzed according to the method proposed by
Collischonn (2001), considering as extreme events the
periods where the mean precipitation reaches 100 mm
daily and when the average daily precipitation is around
30 mm [4]. After analyze the accumulated, convective
and stratiform precipitation, and the number of electric
discharges for the period of study, the correlation was
made between the data of convective precipitation and
the number of electric discharges. The data is divided in
two periods: the dry and the rainy period. Due to some
lack of information in some months according to
STARNET, we performed a correction in the data using
the moving average procedure to eliminate possible
distortions.

4 - RESULTS

After detecting points where extreme events occurred,
each point was analyzed in the spatial and temporal
contexts. After that it was possible to locate the storm
that originated the extreme event and the history of the
measurements in this point. This is shown in table 1 and
2 and Figures 3 and 4. Tables 1 and 2 list the four
extreme events that occurred in the studied period.

Electric
Time DDMMYY | Lat(®) | Long.(?) &'2‘;23’%?2
hours)
3PM-6PM | 11/5/2000 | 245 | 57.75 1204
6PM9PM | 25/5/2009 | -24,25 | 51.25 1604
3PM-6PM | 14/0/2009 | -145 | 51,5 1470
6AM-9AM | 22/2/2010 | -24,25 | 59,25 1416

Table 1- List of electric discharges extreme events.

Table 2 — List of precipitation extreme events.

Figures 3, 4 and 5 show the location of the extreme
events listed in Tables 1 and 2.

Proc. Max = 220,618mm/3h, Desc. Elo Max = 1604/3h
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Figure 3 — Location of the most significant extreme events in the
Paraguay River Basin. The red x indicates extreme events of
precipitation and the blue + represents the extreme events of
electric discharges.
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Figure 4 — Extreme event occurred on 2009/05/25 from 6 PM to 9
PM totalizing 1604 electric discharges (red plus signs, pointed by
arrow) and Accumulated rainfall (green squares) (0 to 10 mm).

The next step was to study the possible correlation
between convective precipitation and electric discharges.
A process of correction of moving average was



necessary due to some lack of information where no
electric discharges were detected.

Figure 6 shows the distribution of electric discharges
and the convective precipitation during the dry season.
In the sequence, Figure 7 presents the correlation
between these data.

As we can see in Figure 7, that the R factor of the
correlation between the convective precipitation and the
number of electric discharges during the dry period is
93.2%.
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Figure 5 — Extreme event that occurred on 2010/12/09 from 9 AM
to 12 PME. a) Accumulated rain fall; b) Accumulated rain fall and
lightning. There were 2414 electric discharges during 3 hours.
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Figure 6 — Distribution of convective precipitation and electric
discharges during the dry season in the Paraguay River Basin.
Electric Discharge (Desc. Eletr.*10%) and Convective Rain Fall
(Prec. Convec.).
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Figure 7 — Correlation between convective precipitation (y axis) and
electric discharges (x axis) in the dry period.

Figure 8 and Figure 9 present the same situation, now
during the rainy period.
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Figure 8- Distribution of convective precipitation and electric
discharges during the rainy season in the Paraguay River Basin.
Electric Discharge (Desc. Eletr.*10°) and Convective Rain Fall
(Prec. Convec.).



Cormelacdo - Precipitaco Convectiva x Nimero de Descargas Elétricas
Periodo de chuva na BP
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Figure 9 — Correlation between convective precipitation (rainfall) (y
axis ) electric discharges (x axis) in the rainy period.

During the rainy period, the correlation between the
convective precipitation and the number of electric
discharges, the correlation coefficient is 98.1%.

We also analyzed the data without performing the
correction with the moving average method. We
considered all the data during the study period, including
the dry and the rainy periods.

In this case the correlation between the convective
precipitation and the number of electric discharges is
79.8%. Figure 10 presents this information.
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Figure 10 — Correlation between the convective precipitation and
the number of electric discharges during all the study period
without corrections

The figure 11 shows the dispersion diagram between the
rainfall measured on ground and rainfall estimated by
PR of TRMM. This way, it is possible to correct the data
obtained each month by the sensor TRMM in order to
obtain a measurement for the accumulated precipitation
on ground. Because of the correlation between the
number of electric discharges and estimated

precipitation and the estimated precipitation and
measured precipitation on ground, it is possible to
estimate the measured precipitation by measuring the
electrical discharges [5].
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Figure 11 — Diagram showing the dispersion with average
precipitation data, from ground stations and average data about the
estimated precipitation from TRMM for the Paraguay River Basin
(Padovani, 2010). Measured rainfall (mm) (x-axis). Estimated
rainfall by PR-TRMM (y-axis).

5 - ANALYSIS OF THE RESULTS

As shown in Figure 1, the data imply that the spatial
distribution of accumulated precipitation is similar to the
stratiform precipitation. It is also noticed that amount of
stratiform precipitation is higher than the convective
precipitation amount. The spatial distribution of electric
discharges (observed in samples) does not resemble the
distribution of accumulated precipitation, except for the
fact that in the central region of the Paraguay River
Basin the amount of precipitation and electric discharges
are equally low during the dry and the rainy period.

The accumulated precipitation is concentrated mainly in
the north and south regions of the studied area. The
electric discharges are concentrated in north and in the
west of the Paraguay River Basin, especially on the
Andes Cordillera.

Extreme events were not detected in sequential samples
of three hours. These events occurred in short intervals
of duration, as found in [4].

The samples show that the convective precipitation is
concentrated in the southeast end of BP for both
periods: dry and rainy.

According to the data, the spatial distribution of these
quantities depends preponderantly on the region of the
basin. We can infer that this occurs due to the physical
characteristics of each region that favor or not the
occurrence of extreme events. The Andes favor the
electric discharges where as the southeast region of the
basin favors the convective precipitation.

Dividing the study period in the dry and rainy periods the
data show a strong correlation between the convective



precipitation and the number of electric discharges. For
the dry season the correlation is 93.2% (Figure 7) and it
is 98.1% (Figure 9) for the rainy period.

Finding a way to verify these correlations for other
periods or for a longer period of time is a subject for
future studies. All this information could help cutting
down expenses on the installation of pluviometers
through the basin and also, provides information about
extreme events that could help the population.

6 - CONCLUSION

For the 35-month period of analyzed data, the obtained
correlations between the convective precipitation and the
number of electric discharges are 98.1% for the rainy
period and 93.2% for the dry period in the Paraguay
River Basin. This allow the determination of rainfall
amount by analyzing the number of electric discharges.
The extreme events presented no correlation between
the electric discharges and the amount of precipitation.
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