OBSERVATIONAL EVIDENCES OF SEA LEVEL RISE IN THE BRAZILIAN NORTHEAST
COASTLINE
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SUMMARY
During the last decades, and especially for periods of the year when the highest tide
coefficients occur (January-February and August-September), some coastal locations
in the eastern part of Northeast Brazil (Nordeste) have been damaged by sea waves,
with associated several road and pavement destructions. In the meantime and the
same region, sea surface temperature (SST) and easterly wind trades have shown
pronounced increases. These events are compatible with water thermal expansion, as
well as water mass accumulation in the Atlantic western boundary, and could be at the
origin of the recent coastal damages. These results need to be studied carefully in the
context of the current global warming.
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Global warming.
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Figure 1 – Northeast Brazil Region (Nordeste) location and the cities considered in this paper as
seen in the Google Earth. Olinda is considered here as urban part of Recife (Grande Recife)
once they are very closely.

1. INTRODUCTION

The main cities of the Northeast
Brazil (Nordeste) see figure 1, are situated
in the Atlantic coastal zone, on the level of
the sea. During last decades these cities
had experienced flooding problems, for
account of the discharge of the rivers at the
moments of high tide. Big sums of money
had been spent to create barrages in the
rivers and/or areas of escape for the excess
of waters in the hours of peak of the tides.
In the two last decades, despite the
carried through efforts, the beach areas

hardly had been punished by the tides,
entire streets had lost to the ocean in the
main cities in northeast, especially
Recife/Olinda and João Pessoa, main
target of this work. In the maritime edge of
Olinda, traditional bars as the "Bar da
agulha frita", the "Palhoça do Zé Pequeno"
and the "Bar do Goiamum" had to be
transferred to the other side of the “Avenida
Senador Marcos Freire” (beach), due to
sustainability conditions, a time that the
protection wall was knocked down by the
waves (see figures 2 and 3).

Figure - 2 Destruction in Olinda Beach

In João Pessoa the problem is
identical: the “Avenida Arthur Monteiro de
Paiva” lost more than a half of its extension
and in a similar way that in Recife, some
bars of the edge had to be transferred to
the “Avenida Governador Argemiro de
Figueiredo”, in the area of the beach of
“Camboinha”, for example. The most
oriental point of Americas, that it is located
in the "Ponta do Seixas" in Tambaú, João
Pessoa, where is located the Lighthouse
(Farol) of the “Cabo Branco”, landmark
known internationally, also it is suffering
with the strength of the tide and already it
lost part of its “mirante”, as shown in figure
4, not being exactly discarded that in some
years, if nothing it will be made for
protection, the loss of the lighthouse. As if
one can see, despite the constant debate
concerning the global warming of our planet
and
its
possible
causes,
mainly
anthropogenic, they say, the current
heating verified through project GRIP
[Justino 2004], it’s started at ten thousand
years more than that hotter phase already
had occurred very before the called
"Industrial Revolution". Then, at least in
part, this warming can be due to

Figure - 3 The same location as in figure 2

mechanisms of internal adjustment of the
proper system Earth/Atmosphere. A good
speculative exercise could be, verifying
what physical process could cause a
significant increase in the level of the worldwide oceans, a time that the smelting of
polar ice by itself, would not cause an
increase of great ratios as if one could
imagine. It would have that to have an
additional physical mechanism so that the
agreed effect led to an increase in the level
of the oceans perceivable for its effect as
shown in figures 5 and 6. It seems that
mechanisms such as water addition due to
the melting of glaciers (polar regions and
highlands), sediment transport to the deltas
of the great rivers beyond, it is clearly, of
the thermal expansion, they will be
important, a time that an increase in the
temperature of oceanic waters is had as
certain [IPCC 2001; Wainer 2003; Janini et
al. 2003]. Considering the immense water
mass that is being warm, we have a
certainty: the increase in the volume due to
thermal expansion of oceanic waters will
have to be considered [see for example
Carton at al 2005; Gomes Filho et al 2006].

Figure 4 – Destruction of the Cabo Branco Lighthouse area (Mirant), in João Pessoa.

Figure 5-Destruction of beaches areas in Recife

2. DATA AND METHODOLOGY
2.1 - Used data
The data which was used in this work are
images obtained by photographs “in situ” of
the current situation of focused beaches,
old images, when the situation still was
under control, old maps and daily data of
the boards of the tides supplied for the
DHN,
available
in
its
web
site
(www.dhn.mar.mil.br) and some series of
climatic variables in the Department of
Atmospheric
Sciences
–
DCA
(www.dca.ufcg.edu.br) of the UFCG.
Beyond these, were also used the period
1948 the 1997 Climatology of French model
ARPÉGE, and data of the IRI/USA.
2.2 – Methodology
The used methodology was the analysis of
the data of the current year, for comparison
with old material, analysis of the series of

Figure 6 – Destruction of beaches areas in João
Pessoa

data of the climatic variables to verify
possible trends that identify a climatic
change. Also old archives of boards of the
tides in João Pessoa had been analyzed
initially and Recife for evidence of the
increase of the mean sea level (difference
between the maximum tide and the
minimum one). If necessary, in future stage,
an analysis of the secular series of the data
of tides could be carried through,
precipitation and temperature of air for the
studied region probably using harmonic
series of Fourier to determine itself if have
trends of increase or reduction in the time,
intrinsic to the series of the data.

3. PRELIMINARY
DISCUSSION

RESULTS

AND

the order of 0.50m 1.50m. Today this
variation is of 0.10m 2.50m observed in
January of this year of 2005. In current
2005 August, it was observed maximum
value of 2.80 m. An initial analysis of the
daily data of the mean sea level in that port,
in João Pessoa and the port of Recife,
supplied for the “DHN” for the last five
years, from March of 2001 to March of
2005, which shows that in January, this
level passed from 1.18 m, to 1.34 m with an
increase of 0.16 m in five years, as shown
in figure 8. However, it need’s a more
extensive analysis of secular time series so
that if they can take off more concise
conclusions on this variation, that it is not
small, therefore if this increase will be linear
as they show trends of the figures 9 and 10,
16 centimeters in five years, it does mean
that this level could arrive the 160
centimeters in year 2050, a very bigger
increase than one predicted in all the works
divulged on the subject until the present
moment.
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The sequence of figures shown as follow
(figure 2 – 6), it suggests that in last fifteen
or twenty years, the ocean advanced over
the beach regions of the main cities of
eastern Nordeste, provoking landslides of
support walls, parts of situated houses to
the side sea and until making entire streets
or parts of them to disappear. Not to be
repetitive, “Olinda” and “João Pessoa”
reveal to only observed situations. As it can
be seen in figure 7, the “Avenida Arthur
Monteiro de Paiva”, it lost great stretch of
stone pavement in the beach of the Bessa,
making with that the bars located to its
edge had that to provide protection before
the force of the waves. It has not more than
ten years behind, if somebody consulted
the boards of the tides in the port of
“Cabedelo”, it could evidence a variation
between the low tide and the high water of

hora

Figure 7 - Diagram showing the variability of the daily level of the tides in the Port of
Cabedelo, João Pessoa, for every January in the period of 2001 2005
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Figure 8 – the same as figure 7 as for the Port of Recife.

The analyses of the daily values of the tides
for the cities of Cabedelo (port) and Recife

(port) figures 7 and 8 respectively, they
present a trend of increase of the level of

the sea in those regions. In this preliminary
analysis only two stations are presented
(Cabedelo and Recife), however the data
for the other stations such as Fortaleza,
Fernando de Noronha, Natal, Maceió,
Aracaju, and Salvador already is available
for analysis, also for the statistical analyses.
Figure 9 below, it shows through anomalies
of temperature of the surface of the sea
gotten from the IRI/USA, for the adjacent
area to the northeast coast, next to the
states of Paraiba and Pernambuco, for the
period of 1990 up to 1992, the
temperatures presented values above of
the average, what it is reflected in the
positive anomalies presented by the graph,
and the most important, it has an increasing
trend of the temperatures of the surface of

the sea in this area, as well as also, the
trend of increase of the level of the sea.
Results gotten with model ARPÉGE of
France present anomalies of SST with
increasing trend since the Forties (1947) as
show figure 10 and that this trend still
persists until today. Moreover, the data of
zonal
pseudo-stress
of
the
wind,
climatology for the period from 1947 to
1998 present negative values, what it
indicates that the wind is forcing waters
from east to west, in a trend to accumulate
water in the area of the coast of Nordeste
what would also explain the increase of the
sea level in this sector.

Figure 9 – Sea surface temperature anomalies for every month of January since 1990 up to
2003, data for the IRI/USA for the area adjacent to the states of Pernambuco and Paraíba over
the Atlantic Ocean. The decreasing trend in the Ninety Years, contrast with the increasing
beginning of the Nineties say, 1993 up to 2003. Trend is show by the red line on the graph.
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Figure 11 – SST Anomalies for the adjacent area to the northeast coast, according to model
ARPÈGE Climatology for the period from 1948 to 1997. It is noticed increasing trend
represented by the line over the graph.

Figura 11 – Zonal Wind pseudo-stress anomalies for the period from 1990 up to 2005. One can
notice the descend trend that appoint to a strenght of the easterlies trades.

Based on preliminarily evidences observed
of the advance of the sea in the northeast
coast, beyond the increase of the mean sea
level presented for the data of the tides
supplied for the DHN, it can be concluded,
exactly that of speculative form, that this
increase effectively comes if verifying and
that, probably, it has its cause in the SST
heating observed in the sector next to the
coast of this region. This sectorial warming
need to be better studied so that they can
identify to some relation with the global
warming and the consequent increase of
the mean sea level in the area of the South

Atlantic. It is strongly recommended that an
advanced mathematical analysis be carried
out through statistics of a longer series of
tides data, so one can validate the results
presented here.
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