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amantes da área de engenharia.
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THE NUMBER OF STORMS MODELED AS A 
POISSON RANDOM VARIABLE AT NORTHEAST 

COAST OF SOUTH AMERICA

Lazaro Nonato Vasconcellos de Andrade
Universidade do Estado da Bahia, Brasil

ABSTRACT: This work search to ascertain the 
parameters of the Poisson Probability Model 
that outline the time-space response during 
the occurrence of extreme events. The data 
processing and the data collection procedures of 
these extreme events were studied based in the 
reanalysis obtained from the National Centers for 
Environmental Prediction - National Center for 
Atmosphere Research (NCEP-NCAR). The result 
obtained from the Poisson Probability Model was 
compared to the precipitation data collected in 
the surveys that assess the temporal behavior 
from analytical procedures based on the Hurst’s 
phenomenon. The discrete random variables 
analyzes of the surface pressure, the relative 
humidity, the air temperature, the components 
of the wind u and v, the precipitation and the 
radiation of long waves were studied in order 
to understand the extreme events that have 
occurred between 1978 to 2014. 
KEYWORDS: Extreme events, discrete analysis, 
northeast coast of South America.

RESUMO: Este trabalho busca verificar os 
parâmetros do Modelo de Probabilidade de 
Poisson que delineiam a resposta espaço-
temporal durante a ocorrência de eventos 
extremos. O processamento de dados e os 
procedimentos de coleta de dados desses 

eventos extremos foram estudados com base 
na reanálise obtida junto ao National Centers 
for Environmental Prediction - National Center 
for Atmosphere Research (NCEP-NCAR). O 
resultado obtido com o Modelo de Probabilidade 
de Poisson foi comparado aos dados de 
precipitação coletados nos levantamentos que 
avaliam o comportamento temporal a partir de 
procedimentos analíticos baseados no fenômeno 
de Hurst. As análises de variáveis aleatórias 
discretas da pressão superficial, a umidade 
relativa, a temperatura do ar, os componentes do 
vento u e v, a precipitação e a radiação de ondas 
longas foram estudados a fim de compreender os 
eventos extremos ocorridos entre 1978 a 2014.
PALAVRAS-CHAVE: Eventos extremos, análise 
discreta , Costa Nordeste da América do Sul.

INTRODUCTION
This work has as its goal to describe 

extreme events phenomena that have 
been occurred during 1978 to 2014. The 
characterization of the storms during this time 
period will provide evidences to understand the 
present days climate changes and compare 
this changes with new events in the future. The 
occurrence, quantification and qualify map of 
these storms in the northeast coast of South 
America represent a opportunity to understand 
the magnitude of the extreme events in the 
continent. In last decade, Latin America cities 
have been affected by the storms and many 
citizens had their lives adversely affected 
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by these storms. Our principal question about this storms is: Did the magnitude of the 
events increase during the period? And how much did it increase? Other question is: if the 
distribution of the storms was modified, have been the number storms events in autumn 
season suffering significant modifications? The sample data for this analysis is the coast 
of the Brazilian state Bahia, more precisely, the Recôncavo Baiano (RB), that is a set of 
counties next the Salvador city.

Salvador city and All Saints Bay (ASB)
Salvador is the Brazilian oldest city. The city is known as the culture capital of Brazil 

and it has many artists that had and have relevant importance in art and history of the country. 
Salvador falls what is called Recôncavo Baiano. Today, RB concentrate a population toward 
3.5 millions habitants. In a peninsular geographic formation, Salvador was constructed and 
developed in direction of the Atlantic Ocean inside a bay, the All Saints Bay (ASB). Salvador 
is a cultural center in Brazil and has expressive economic developed in the last fifth decades 
with a petrochemical and automobile industry.

The Figure 1 is a Landsat-5 (DSA 2012) satellite image of the city and bay that it 
was shoot in 2005 and treated with SPRING Software (Câmara et al 1996). In this image 
it’s possible to view the All Saints Bay and its low sparse stratus clouds that have been a 
climatic characteristic of the cloud development.

In his studies about RB, Brito (2008, 38) wrote in 1950 that this region had 22 
economic counties in development, distributed toward of All Saints Bay in a radius of 100 
km with center in Salvador city. This radius extend has a secular importance because the 
industrial, economic and touristic development of the region.  During seventy years, this 
region has had a strong economic importance because its natural food feeds the capital, 
Salvador. Therefore, any climatic modification would have a strong impact in social life in 
this region.
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Figure 1: ASB’s color composition Red(3) Green(2) Blue(1) Landsat-5 images.

In this work, the Recôncavo Baiano is a geographic region of the Bahia state in Brazil 
with 32 counties. It’s possible to observe in the Figure 2 the geopolitical map of RB. The left 
chart shows the number of the rural, the urban and the total population (IBGE, 2008).

Figure 2: Map of Brazil and Recôncavo Baiano.

Source: (IBGE 2008).

This region has typical tropical conditions: air temperature at around 25.2 °C, 
humidity between 79 to 83%, annual precipitation around 2,100 mm, annual evaporation 
1,002 mm, rain season between March to June, mean month precipitation 300 mm/month, 
dry period rarely and a complex climatic seasonality. The regional variations in South 
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America’s weather and climate reflect the atmospheric circulation over the continent and 
adjacent oceans, its involve mean climatic conditions and regular cycles and their variability 
on timescales range from less than a few months to longer than a year.

Garreaud and Aceituno (2007) list a set of climatic phenomenon that characterized 
South America and Atlantic Ocean weather. For example, “atmospheric phenomena are 
strongly affected by the topographic features and vegetation patterns over the continent, as 
well as by the slowly varying boundary conditions provided by the adjacent oceans”. The 
Andes cordillera “represents a formidable obstacle to troposphere flow” and the Brazilian 
plateau is a block in low-level circulation over subtropical South America.

Regarding the precipitations in east coast of the continent, Garreaud and Aceituno 
(2007) describe that principal features are an intense convective activity that support the 
rain forest in the Amazon basin, the El Niño-Southern Oscillation phenomenon and the sea 
surface temperature anomalies over the Atlantic Ocean. About regional precipitation, the 
authors wrote:

While the averaging procedure does not have any physical a priori significance, 
the regional climate is defined by the relevant features in the mean fields, which 
in turn are forced by the fixed (or very slowly varying) boundary conditions of 
the atmosphere: land-sea distribution, continental topography, and the time/
space changes of the solar radiation reaching the surface (Garreaud and 
Aceituno 2007).

These conditions are important to understand the complex climatic in northeast coast 
of South America.

Object of this study
There were changes at precipitation regimes in Salvador city in the last 30 years? How 

the precipitation regimes variability occurred in the last 100 years? Is it possible describe 
this variability of the precipitation during with a simple random probability function during the 
extend period of this analysis? Is it possible to describe these variations in the present to 
understand future storm phenomena through Poisson random distribution? These are some 
questions that will be answered in this paper, which the focus is Salvador city and the east 
coast of South America.

To study the variability of the precipitation phenomenon, the precipitation daily data 
rate was downloaded from National Climatic Data Center - NOAA1. The Figure 3 summarizes 
the most important meteorological stations in the RB that will be studied in this work using 
source data from NOAA Data Center.

An important process for regional precipitation is the heating of the surface that is a 
convective activity which contributes to the development of a tropical Complex Convective 
Mesoscale (CCM’s). The CCM’S is the activity of the sea breeze in terms of moisture 
transport to the interior inducing the convective system, which creates tropical instability 
1 NOAA. accessed September 26, 2014,  https://gis.ncdc.noaa.gov/map/viewer/#app=cdo.
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lines trough the continent due to interaction of trade winds with the sea breezes. These 
processes were studied from reanalysis sources data from NCEP/NCAR2.

It’s important to observe the typical cloud formation in the region. The Figure 1 show 
clouds stratus of low altitudes sparse in region. This typical clouds formation is responsible 
for rainfall throughout the year with ever total was less than 50 mm per day. Another 
response of these formations is the control of the temperature in the regional environment 
and the control of the relative humidity with a reduced dispersion and stables averages 
terms observed in long-term analysis.

The Precipitation data of 40 meteorological stations was taken from NOAA (2014) 
site for this study. In the Figure 3, the station can be viewed in the map. These data were 
fundamental for the study of at least 60 years corresponding to the interval between 1936 
and 1999. To define these stations it was used a concept delimit the RB region as a radius 
of 100 km with centre in the extreme point of the peninsula area. The meteorological 
stations with its respective identifications are listed here: Açu da Torre BR048541010, 
Água Fria Nova Canaã BR048327480, Alagoinhas VFFLB BR048432220, Alto do Bonfim 
SAE BR 048620770, Bolandeira SAE BR 048536250, Castro Aves BR048515180, Catú 
VFFLB BR048437270, Cobre AC BR048537130, Conceição do Almeida BR048516610, 
Cruz das Almas BR048513830, Dias Dávila VFFLB BR048532420, Fazenda Jacaré 
BR05000850, Feira de Santana BR048425080, Feira de Santana BR048425070, Ilha 
de Itaparica BR048527660, Itanagra Cipó do Açú BR048435890, Laje BR048613190, 
Laje BR048613180, Mata de São João BR048530430, Miranga BR048437520, Muritiba 
BR048523040, Nazaré BR048620020, Nilo Peçanha BR048712850, Pituaçú BR048538060, 
Pojuca BR048439340, Salvador BR048630060, Salvador BR048620980, Santa Elisa 
US BR048522780,.Santo Antonio de Jesus DERBA BR048519540,.Santo Antônio de 
Jesus BR048519520, São Bento das Lajes BR048521690, São Felix BR048522060, São 
Francisco do Conde BR048522680, São Gonçalo dos Campos BR048428120, São Gonçalo 
dos Campos BR048428130, São Roque do Paraguaçú EFN BR048527310, Simões Filho 
SABA BR048535270, Santo Antônio de Jesus BR048519530, Usina Bananeiras CAEEB 
BR048617880, and Valença, BR048647880.

2 NCEP/NCAR. accessed May 26, 2014, http://www.esrl.noaa.gov/psd/data/composites/hour/index.html.
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Figure 3: Map of the meteorological stations of RB.

Source: (NOAA 2014).

METHODS
The Poisson random distribution was used to understand the data variation during 

last 30 years because its mathematical characteristics and facilities. The Poisson probability 
density distribution function was written for a parameter λ (lambda) to (λ> 0) given a random 
variable x = 0, 1, 2, ... growing up infinitely by the following equation:

Generally in the function, λ has a value of data per time unit and the e letter represent 
the base of natural logarithms which is approximately 2.71828. For all the lambda λ positive 
values there is a probability  (x, λ)> 0 for all possible values of x, which the sum of all 
possible probabilities of independent events must be equal to

Which the factorials moment are generating discrete functions and in some cases 
they simplify the determination of the moment that generate the function. For the Poisson 
distribution an expanding of the Maclurin  infinity series

And the product of the two terms, left and right, in Equation 3 by e-λ is equal to
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Which define the probability density function for all possible independent events so 
that the sum of all of them will produce as a result the unit (Devore 2006).

NetCDF, GrADS and R-software
The conceptual framework in Figure 4 shows the flow of procedures for the 

integration of data processing and final analysis. Reanalysis dataset NCEP-NCAR (NCEP / 
NCAR 2014) were treated in GrADS software (IGES 2011) to produce images of the matrix 
points in order to build the Hovmöller graphics. As an example, graphics Hovmöller were 
built for three extreme events observed in March 1999, March 2005 and May 2010 with 
the aim of understanding the development activity of CCM’s tropical. These studies were 
concentrated for the autumn term and matrices produced in GrADS software were also 
studied in the software R. From the use of packages with Poisson distribution in the R 
enabled software it was possible to compare evolutionary aspects of storms in terms of 
variable data belonging to the system of the NCEP-NCAR with data from weather stations 
and provided by NOAA (Meyer-Christoffer 2014) whose main variable observed  was the 
daily rainfall of meteorological stations RB.

The relative distribution of Poisson package for data processing in the R software 
is called Poisson Binomial Distribution (poibin) (Hong 2012). This package implements 
a method in exact and approximate way to calculate the cumulative distribution function 
and it allows probabilistic calculations using the Poisson density function and generates 
random numbers for the Poisson distribution in binomial form. Another package used from 
the software was fitdistrplus (Delignette-Muller et al. 2010) that estimates for the maximum 
verisimilitude, Maximum Likelihood Estimation (MLE), observed in samples obtained from 
weather stations NOAA and INMET.

Figure 4: Scheme of data fluxes to statistical analysis.
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Reichardt (1986) uses a simplified criterion to separate storms sets. Reichardt 
(1986) use a simple criterion to separate the storm in three groups: low rains has intensity 
below 2.5 mm/h, isolated droplets, uniform precipitation, diameter of drops below 0.5 mm, 
very numerous and homogeneous.  Rains have moderate intensities between 2.5 and 7 
mm/h, isolated drops observable form more isolated and rare, and rapid formation of water 
puddles. Heavy rains have higher intensities than 7.5 mm/h, it fall as great sheets and it 
form strong and quickly water puddles. Using the criterion of Reichradt with daily rainfall 
data from NOAA and the INMET data vectors were generated in software R. These vectors 
were the counts events greater than 50 mm on day observation that comprising the rain and 
moderate strong and by comparison and more isolation way, it delimit the rains of higher 
intensities daily observed from the analysis of count data.

Rainfall observations are related to the time of hours, three-hourly and daily, according 
to synoptic, climatological and hydrological purpose respectively. Daily observations are 
used in accordance with the assumptions of Calvetti et al (2008) that sets the standard 50 
mm to extreme precipitation in hydrological responses basins in South America.

RESULTS

Descriptive Statistics
The Table 1 shows the rain numbers high than 50 mm including the period between 

1978 to 2014 acquired data from Salvador weather station. It’s possible to observe failures 
covering the tax years from 1981 to 1985, and the year 1989. 1989. It’s also possible to 
observe three years with lower rainfall of 50 mm per day in 1980, 1992 and 2001, whose 
factors are statistically null.

Ano 1978 1979 1980 1986 1987 1988 1989 1990 1991 1992 1993
number 5 2 0 5 1 4 - 2 2 0 1

Ano 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
number 4 3 6 2 1 6 1 0 2 4 3

Ano 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
number 6 7 1 1 8 4 3 1 2 1

Table 1: Number of rains events up to 50 mm to period from 1978 to 2014.

Source: Data adapted from INMET (2014).

Figure 5 shows a parametric view of the observed data in the period 1978 to2014 
as a frequency histogram with the media and the standard deviation of the sample and it 
shows the response of the function poibin with R software used in a comparative way. The 
sample data for this period allowed the calculation of the average standard deviation for the 
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Poisson variance. The period of analysis graph for the Poisson distribution with adjustment 
of the poibin function was built in order to obtain a comparative a histogram of the observed 
and estimated frequencies.

Figure 5 : Values likely to occurrences rainfall greater than 50 mm per day to autumn (MAM) in 
Recôncavo Baiano.

Source: INMET data (INMET 2014) applied in R-Software (Team 2010) with poibin package (Hong 
2012).

Hovmöller extreme events diagrams 
The Hovmöller diagrams (Hovmöller, 1949) were made with GrADS software (IGES 

2011) and they were studied for three of extreme events with similar characteristics. These 
events occurred in March 1999, March 2005 and May 2012. They had strong storms with 
more than 150 mm/day concentrated in a few days. One difference found in this extreme 
events is that the events in March 1999 and 2005 were characterized by rains of moderate 
intensity during all fall with intensities high than to 50 mm/day throughout the season, while 
the May 2012 event, more intense than the first two, had to shortage moderate rainfall 
throughout the autumn season.

Figure 6 show a Hovmöller diagram of extreme event of May 2012. In blue we have a 
through and in yellow and red a ridge. In the center of this diagram there is Salvador latitude 
of 12.5°. It’s possible to view a progressive wave in direction of east coast of South America 
coming from South Africa. This same pattern is observable in other extreme events on this 
latitude from observed data by NCEP/NCAR for the South Atlantic.

For these three events it was observed the same characteristic of Hovmöller diagram: 
a continuous line (blue) above atmospheric ocean from south west coast of Africa to east 
coast of South America and a crescent through with the extension between 60 °E to 40 
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°W of longitude. This front is viewed as long wave in blue color and the gradient of the 
dispersion of this wave in the time during the extreme event is viewed with the variation 
of the color blue to red in relation to temporal progression. This phenomenon duration had 
approximately five days between its start in Africa and its ends in Recôncavo Baiano. If the 
atmospheric conditions at Recôncavo Baiano are favorable or have a greenhouse effect, 
the vortices associated with pressures on training troughs and ridges in high levels of 500 
mb pressure will produce a strong convection and cloud formation with extreme rainfall 
events.

 Figure 7 : Hovmöller chart of extreme event in may 2012. 

Source: NCEP/NCAR reanalysis data (NCEP/NCAR 2014).

Likelihood estimator 
Other procedure realized was likelihood analysis to approximate a λ with a better 

precision and to understand the bias of the data. To do this we used a fitdistrplus package in 
R-software (Delignette-Muller et al 2010). The value of λ (lambda) for better data accuracy 
was estimated at over 50 storms 4.63 mm / day to a maximum value. For an estimative data 
of a Hessian matrix, the λ was estimated at 5.98 storms in fall season as a trend. Figure 7 
show a trend observed using fitidistrplus package with R-software.
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Figure 8 :  Observed trend to λ factor of a Poisson likelihood estimator using fitidistrplus package with 
R-software. 

Source: INMET data (INMET 2014) and R-software (IGES 2011).

ANALYSIS
An analysis of the observed data for the period 1978-2014 with mean and standard 

deviation of the trend shows an increase NCIA storms with precipitation exceeding 50 mm 
/ day. In a comparison with the mean and standard deviation to all data observed extensive 
for period of 1912 to 2014, this sample shows that there are a change in the shape and 
numbers of storms. In the past, there are a bigger number of storms with low intensity 
distributed in the rain season than in the last two decades. Another observation in the last 
two decades is an increase in the number of days without rain in autumn or a combination 
of a few rainy days in short periods with extreme events storms.

The frontal formations of waves with great magnitude have been associated with 
highest pressures and it is largest through the west coast of Africa to east coast of South 
America. The Hovmöller diagrams constructed to associate pressures at high levels to 
500 mb of geopotential height showed that extreme events in the Reconcavo Bahia and 
the northeast coast of South America are influenced and can be intensified by vortices 
association cyclones at high levels and greenhouse at low levels in the atmosphere, 
producing strong short duration and high intensity storms.

An estimate of the factor λ as maxima likelihood of a Poisson distribution using 
fitidistrplus package in software R allowed understand that high storms magnitude with 
heavy rains had increase and the hope associated with these events in numerical terms 
must be equal to 4-5 in the autumn season in approximate terms In this case, the Figure 5 
shows a second mode formation by a analysis of frequency Histogram in the last 30 years.
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We expect to amplify these analysis in the future and the knowledge of this 
assumptions will permit a better formation to ours students and researches because its 
accessibility and simplicity.
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