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Abstract. Northeast Brazil (NEB) has an extensive coastal
area, often hit by natural disasters that bring many social and
economic losses. The objective of this work was to study the
synoptic environment associated with a heavy rainfall event
(HRE) on the coastland of NEB. We used daily rainfall data
for coastal area of NEB between the states of Rio Grande
do Norte and Bahia, divided into two subregions: north and
south coastland. This data was obtained from the hydrome-
teorological network managed by the Agência Nacional de
Águas and the daily data reanalysis from the ERAInterim.
For the selection of HRE the technique of quantiles was used,
thus defined HRE where at least one rain gauge recorded
rainfall above 95th percentile. The interannual distribution
of events showed occurrence maximum in La Niña years and
minimal in El Niño years. The results suggest that the HRE
were formed mainly due to the action of upper-level cyclonic
vortex, in hight levels, and due to the action to South Atlantic
convergence zone, in low levels.

1 Introduction

Northeast Brazil (NEB) exhibits an extensive coastal area in
which different weather systems interact, which facilitates
the occurrence of natural phenomena, such as a heavy rain-
fall event (HRE), that inflicts various social and economic
losses on the affected areas. Scientific research within the cli-
mate modeling suggests that changes in the current climate
are resulting in more frequent HRE and that human interfer-
ence in the environment, such as deforestation of hillsides
and construction in hazardous areas, has intensified the con-
sequences of these events (Marengo, 2009). However, reli-
able estimates of trends for HRE are possible only for re-

gions with a considerable number of rain gauges. The lack
of long-term, high-quality observations, i.e. homogeneous, is
the biggest obstacle for the quantification of extreme changes
during the past century (Vincent et al., 2005; Haylock et al.,
2006).

In addition to its importance in analyzing the behavior of
HRE with respect to time, it is also important to know the
factors that precede their formation and the dynamic condi-
tions that support the development and maintenance of these
events, as well as the characterization of the synoptic envi-
ronment associated with HRE. To this end, some studies have
been conducted (Teixeira and Satyamurty, 2007; Lima et al.,
2010; Liebmann et al., 2011) by obtaining the anomaly com-
posite of the atmospheric variables.

In this context, the objective of this paper is to charac-
terize the synoptic environment associated with intense rain-
fall events, analyzing atmospheric disturbances related to this
type of event, for different coastal regions of NEB.

2 Data and methods

2.1 Data

We used daily rainfall measurements of a set of 42 rain
gauges distributed as seen in Fig. 1, the study area covers
the coastal region between the states of Rio Grande do Norte
and Bahia. This data was obtained from the hydrometeoro-
logical network managed by the Agência Nacional déAguas
(ANA), from 1979 to 2002. This period was chosen due to
the higher amount of rain gauges with the fewest number of
flaws, resulting in a total of 5.5% of missing.
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Fig. 1.The rain gauge spatial distribution (black dots) over the NEB
coastland.

To characterize the synoptic environment associate with
HREs, we used daily data reanalysis ERA Interim reanalysis
(Dee et al., 2011), from the European Center for Medium-
Range Weather Forecasts (ECMWF). The ERA-Interim is
the latest global atmospheric reanalysis produced by the
ECMWF, which covers the period 1 January 1979 to the
present and displays grid spacing of 1.5◦ latitude× 1.5◦ lon-
gitude. The meteorological variables used were zonal and
meridional wind components, as well as geopotential and
specific humidity, from 1979 to 2002.

2.2 Cluster analysis

We divide the dataset in two regions (north and south coast-
land) using the clustering analysis which presents different
methods with different similarity measures of all elements to
be grouped, usually expressed as a function of distance or
metric.

We used the Ward hierarchical method, also used by Teix-
eira and Satyamurty (2011), and the Euclidean distance as
the similarity measure, which according to Mimmack et
al. (2001) is one of the measures listed for regionalization
of climate data, also used by Fovell (1997), Marzban and
Sandgathe (2006), Teixeira and Satyamurty (2011), among
others.

To divide all of NEB in subregions, 151 rain gauges
equally distributed throughout the region were used. To do
the cluster analysis the climatology of the monthly totals of
precipitation, from 1972 to 2002, was used as a variable in
each rain gauge. Five subregions were obtained; two of them
are located on the coast. The two regions situated on the coast
were used in this paper; they are called the north coastland
and the south coastland and cover a total of 42 rain gauges.
To analyze the other three regions, different studies will be
conducted.

2.3 Dry and wet season

The definition of dry and wet seasons was used for the sea-
sonal climatology of each subregion. In the north coastland
the dry season occurs during the summer (December, Jan-
uary and February (DJF)), presenting a climatological sea-
sonal mean of 225 mm, and the wet season occurs during
the winter (June, July and August (JJA)), with climatologi-
cal seasonal mean of 511 mm. On the south coastland the dry
season occurs during the winter (JJA), with a climatological
seasonal mean of 228 mm, and the wet season occurs during
the summer (DJF), displaying climatological seasonal mean
of 344 mm. The dry and wet seasons of these two subregions
are the exact opposite.

2.4 Percentiles technique

The HRE was defined based on the calculation of percentiles
(Wilks, 2006) of the rainfall distribution considering only
data from days with rainfall above zero. The HRE was de-
fined as the event with precipitation above the 95th per-
centile. The percentile calculation was performed for each
rain gauge individually.

To determine extreme events, many studies were devel-
oped in different regions using the distribution of daily rain-
fall percentiles. Groisman et al. (2005), Zhai et al. (2005) and
Gemmer et al. (2011), used in general, the criteria of the 95th
percentile to characterize HRE.

2.5 Trend analysis

The nonparametric Mann–Kendall (Mann, 1945; Kendall,
1975) test was applied to analyze the trend of the number
and intensity of rainfall. This test compares each value of the
temporal series with the remaining values in sequential or-
der, counting the number of times that the remaining terms
are greater than the analyzed value.

This test is the most appropriate method to analyze
weather tendencies in climatological series and has been
used to calculate climatic and hydrological tendencies (Silva,
2004; Cigizoglu et al., 2005; Sinha and Cherkauer, 2008;
Santos et al., 2010; Acero et al., 2011). In applying the
Mann–Kendall test, we used the sheet MAKESENS devel-
oped by Salmi et al. (2002).

2.6 Composite anomaly

After selection of events, fields of wind and geopotential
anomaly composites for the day of the event, three days ear-
lier and three days after were calculated to identify the dy-
namics and synoptic characteristics associated with episodes.
However, we will present only the figures of the fields for the
day of the event due to the small difference between this day
and the other days.
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Fig. 2. Annual distribution of the number of EPI and precipitation
intensity.

The field composed of a variable is obtained as follows:

∅̄(x,y,p,D − n) =
1

N

N∑
j=1

∅(x,y,p,j,D − n), (1)

where∅ is the variable of the composite,(x,y,p) denotes the
spatial position of the variable,N is the accounting of cases
during the study period,D − n is then-th day preceding the
event (n = 0,1,2,3), and the suffixj refers to thej -th event.

We designate∅C (x,y,p) to represent the climatology of
the variable∅. The composite anomaly (∅A) is defined as

∅A (x,y,p,D − n) = ∅̄(x,y,p,D − n) − ∅C(x,y,p). (2)

3 Results and discussion

The distribution of the number of HREs and its daily inten-
sity mean are shown in Fig. 2. During the period from 1972
to 2002, the HRE for the north coastland and the south coast-
land were respectively 364 and 236 for the dry season, and
707 and 664 for the wet season. The intensity of HREs in
the two subregions showed the same value daily mean for
the dry and wet seasons, 51.5 mm for the north coastland,
and 45.5 mm the south coastland. The distribution interan-
nual of the number of HRE showed negative a trend in sum-
mer (DJF) and a positive trend in winter (JJA) for the two
subregions but without statistical significance, with a maxi-
mum in La Nĩna years and a minimum in El Niño years, most
of the time. In relation to the intensity of the HRE, the north
coastland showed negative trend during the two seasons, with
95 % statistical significance only during the summer (DJF),
while the south coastland showed positive trend during the
summer (DJF) and negative during the winter (JJA), show-
ing no significant statistical in any of the stations.

Figure 3 shows the wind and geopotential anomaly com-
posite at 200 hPa and 850 hPa for the dry and wet seasons
on the north coastland from 1979 to 2002. In the dry season,
at 200 hPa (Fig. 3a), there is a anomalous cyclonic circula-
tion centered around 20◦ W, 5◦ S, suggesting the upper-level
cyclonic vortex (ULCV), which has its edge on the north
coastland, is associated with strong a convection. The dif-
ference in geopotential shows the area of operation of the
phenomenon. At 850 hPa it can be verified that the region
is under the influence of an anomalous cyclonic circulation.
The trade winds are entering the continent and converging
with winds from anomalous anticyclonic circulation, taking
the northwest–southeast direction, so that the moisture in
the region is transported in this direction. Moreover, in the
wet season (Fig. 2b) at 200 hPa, strong winds blow in from
the Amazon in a northwest–southeast direction. At 850 hPa,
an anomalous anticyclonic circulation affects the study area,
where the wind associated with this movement converge with
the wind from the Atlantic Ocean, creating a wind confluence
area that carries moisture to the north coastland of NEB.

The wind and geopotential anomaly composite at 200 hPa
and 850 hPa for the dry and wet seasons of the south coast-
land during the period 1979 to 2002 are presented in Fig. 4.
The dry season (Fig. 4a) at 200 hPa, shows a similarity to the
rainy season of the north coastland, but with lighter winds.
The level of 850 hPa also shows a similarity to the wet season
of the north coastland, but the high anomalous located around
40◦ W, 20◦ S is stronger due to the influence of an anticy-
clonic circulation at low latitudes. The wet season (Fig. 4b)
also shows similarity to the dry season north coastland. At
200 hPa there is a circulation that suggests a ULCV but is
shifted more to the southwest, centered around 25◦ W, 7◦ S,
so that the edge of the ULCV is located above the south
coastland. At 850 hPa, the anticyclone is more intense and
stationary, centered around 22◦ S, 50◦ W, suggesting a pos-
sible configuration of a South Atlantic convergence zone
(SACZ), which is associated with intense convective activ-
ity in the edge, and as part of this edge is over the continent,
there is a tendency for precipitation over the south coastland
of NEB.

Figure 5 shows the mean moisture convergence between
the levels 925 hPa and 700 hPa, for the dry and the wet sea-
sons of the two subregions. On the north coastland, the mois-
ture convergence during the wet season has a lower concen-
tration than in the dry season, while in the south coastland,
the opposite occurs, the wet season has a higher concentra-
tion of moisture convergence. When investigating Fig. 2, we
see that the north coastland has a higher amount of HREs in
the wet season, but when we check the mean precipitation,
the intensity of HREs are more extreme in the dry season,
which can be explained by the higher intensity of conver-
gence moisture in this period. Furthermore, the south coast-
land exhibits HREs in greater quantity and intensity during
the wet season.

www.adv-geosci.net/35/73/2013/ Adv. Geosci., 35, 73–78, 2013
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Fig. 3. Geopotential anomaly (shading) and wind anomaly (vectors) at 200 hPa and 850 hPa for the north coastland:(a) dry season and(b)
wet season.

Fig. 4. Geopotential anomaly (shading) and wind anomaly (vectors) at 200 hPa and 850 hPa for the south coastland:(a) dry season and(b)
wet season.
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Fig. 5.Mean moisture convergence between the levels 925 hPa and 700 hPa.

The pattern settings for the seasons DJF and JJA presented
by Cavalcanti et al. (2002) show an anticyclone over the At-
lantic Ocean and on the coast of NEB, and during JJA this
anticyclone is found further west. With regard to the HRE
configuration, there are differences in DJF and similarities in
JJA, compared to Cavalcanti et al. (2002). This happen be-
cause there are opposite circulations during the two seasons.

4 Conclusions

The synoptic environment associated with HREs was differ-
ent for each region, which was expected because the regions
are different climatologically. The analysis of the anomaly
composite for HREs showed compatibility with the systems
formed at low levels for the north coastland: moisture trans-
port to the coastland during the wet season and moisture
transport to the southeast in the dry season, while the oppo-
site occurred for the south coastland; thus, yielding circula-
tions that contributed to the development and maintenance
of convective activity. The north coastland showed higher
amounts and greater intensity in HREs in its dry and wet sea-

sons, in relation to the south coastland. The amount of HREs
was lower in the dry season for both subregions and higher
in the wet season. However, the intensity of the HREs was
stronger during the dry period in the north coastland, which
can be explained by the higher concentration of moisture in
this season.

Interesting to note that both subregions are exactly oppo-
site each other, i.e. the dry season occurs in one subregion in
the same period that the wet season occurs in the other. Thus,
the mechanisms that were responsible for creating a dry sub-
region, consequently made another subregion wet. For the
dry season of the north coastland these mechanisms are the
confluence between the trade winds and the winds from the
anomalous anticyclonic circulation, causing the wet season
in the other subregion. For the dry season of the south coast-
land they are the wind confluence from the anomalous anticy-
clonic circulation and the winds that come from the Atlantic
Ocean, these mechanisms are responsible for the wet season
on the north coastland.

The results suggest that on the north coastland, during the
dry season, HREs were formed mainly due to the actions
of ULCV, while during the wet season, HREs were formed

www.adv-geosci.net/35/73/2013/ Adv. Geosci., 35, 73–78, 2013
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mainly by the moisture transported from the Amazon that
was redirected to this subregion due to one confluence zone
of winds in the southeast–northwest direction. This same
mechanism was responsible for the formation of HREs in the
south coastland in the dry season, while in the wet season, the
results suggest the occurrence of two phenomena: the ULCV
and SACZ. According to Lima et al. (2010), the formation of
HREs in southeastern Brazil are associated with the SACZ
that is a major precipitating phenomena in the region due to
the fact that the coverage of this phenomenon often reaches
much of northern Bahia.
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Anunciaç̃ao, Y. M. T., Baez, J., Barros, V. R., Berlato, M. A.,
Bidegain, M., Coronel, G., Corradi, V., Garcia, V. J., Grimm, A.
M., Karoly, D., Marengo, J. A., Marino, M. B., Moncunill, D.

F., Nechet, D., Quintana, J., Rebello, E., Rusticucci, M., San-
tos, J. L., Trebejo, I., and Vincent: Trends in Total and Extreme
South American Rainfall in 1960–2000 and Links with Sea Sur-
face Temperature, J. Climate, 19, 1490–1512, 2006.

Kendall, M. G.: Rank Correlation Methods, London, Charles Grif-
fin, 120 pp., 1975.

Liebmann, B., Kiladis, G. N., Allured, D., Vera, C. S., Jones, C.,
Carvalho, L. M. V., Blad́e, I., and Gonźales, P. L. M.: Mech-
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