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Synopsis 

The tidal analysis of data from the Equatorial region~ given by inverted 
echo-sounders~ show considerable residuals in the frequency band of approximately 
2 cycles per day. In the even harmonics of 4 and 6 cycles per day~ tidal 
components statistically not negligible are also identified. Spectral analysis 
of temperature series from the same area show~ on the other hand3 variabilities 
in the same frequency bands~ which suggests the occurrence of internal waves with 
energy distributed in these frequency bands~ in the Atlantic Equatorial area. 

Descriptors: Tides, Acoustic measurements, Echosounders, Internal waves, 
FGGE, At1antic Ocean, Equatorial region. 

Descritores: Marés, Medidas acústicas, Ecobatímetros, Ondas internas, FGGE, 
Oceano Atlântico, Zona equatorial. 

Hiatorical background 

In 1979, the oceanographic ship "Proi. 
W. Besnard", of the "Instituto Oceano
gráfico da Universidade de são Paulo" 
joined an international research in the 
Atlantic Equatorial area (Mesquita 
et al.~ in prep.), together with the 
oceanographic ships "Discovery", of the 
Institute of Oceanographic Sciences 
(IOS-UY..), "Konrad", of the 
Lamont-Doherty Geological Observatory 
(USA), "Oceanus", of the Woods Role 
Oceanographic Institution (USA) and 
other ships, according to the 
oceanographic programme organized by 
the Scientific Committee on 
Oceanographic Research (SCOR - The 
O'ceanographic Programme, 1978 - WG 47 
group). 

The research programme known as 
"First GARP Global Experiment (FGGE)" 
was part of the global experiment 
"Global Atmospheric Research 
Programme (GARP)", and was supported 
by the \lorld Met.eorological Organization 
(WMO) and the International Council of 
Scientific Unions (ICSU). 

The participation of the "Instituto 

Publ. n. 638 do In6~. oeeanog~. da U~p. 

Oceanográfico" in this international 
programme allowed the obtention of 
data, in collaboration with other 
participants, such as those measured 
by E • .T. Katz, of the Lamont-Doherty 
Geological Observatory, in the 
Stations "Branca", "Eliana" and "Flavia" 
(Fig. 1). 

Tidal heights in these stations were 
observed with inverted echo-sounders 
(Bitterman, 1976), during the following 
periods. "Branca": from 22/January/1979 
06 h 00 min GMT to 25/June/1979 
09 h 00 min GMT; "Eliana": since 
27/June/1979 14 h 00 min GMT until 
03/0ctober/1979 10 h 00 min GMT; and 
"Flávia": from l8/0ctober/1979 
11 h 00 min GMT to 27/February/1980 
06 h 00 min GMT. The sampling interval 
of theseobservations was of 1 hour. 
The sàme data were analysed by Vassie 
(1982), dealing with the problem of the 
tidal propagation in the South Atlantic. 

Temperature data measured by the 
oceanographic ship "Almirante Saldanha" 
(Mesquita, 1975; Mesquita ~ al., 1976) 
were spectrally analysed (Mesquita 
& Morettin, 1979), showing the 
occurrence of frequencies of 2, 3 and 
4 eyeles per day, being preponderant 
those of 2 cpd. 
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Fig. 1. Geographical positionofthe 
stations "Branca", "Eliana" 
and "FI ávi ali. 

These resu1ts estimu1ated the 
checking of the variabi1ity existence, 
through tida1 ana1ysis, in the "Branca", 
"Eliana" and "Flavia" records. Franco 
et alo (1982) app1ies the harmonic 
method to ana1yse these data, computing 
the residual spectrum in the tida1 
bands a1so, whi1e Cartwright (1982) 
app1ies the response method, computing 
the coherent and non-coherent 
signa1s with the tida1 potentia1. 

Tidal analysis 

Detai1s of the harmonic method for 
tida1 ana1ysis used in the computations 
are given in Franco (1981). Due to 
the computationa11y economic features 
of the method, normally all the tida1 
components are ana1ysed, inc1uding 
the sha110w-water ones. The con
stituents with sma11 amplitude are those 
whose confidence interva1 can't be 
determine.d within a given probability 
(usually 95%); these constituents 
appear in the final listing of the 
computer program resu1ts flagged 
wi th an asterisk and must be 
neg1ected. The statistica11y 
usefu1 constituents are shown inTab1e 1. 

It is we11 known that norma11y, 
at the depths were the data were 
taken (about 1500 m for "Branca", on 
a submarine mount, and 4000 m for 
"Eliana" and "Flavia") no sha110w
-water tida1 effects shou1d be 
observed, but the complete ana1ysis 
method was applied to the data 
processing, in order to work out 
the harmonic constants of many 
sha1low-water components, so that 

Bo1m Inst. oceanogr., S Paulo, 33(2), 1985 

a comparison with the temperature 
series ana1ysis above mentioned 
cou1d be performed. 

A sub-product of the tida1 
ana1ysis method used is a residual 
amplitude spectrum for each tidal 
frequency band, which a110ws the 
checking of the variabi1ities that 
do not correspond to the exact 
tida1 frequencies, but are 
eventua1ly excited by the tides. 

Results. 

Tab1e 1 contains the harmonic 
constants for the three stations. 
For "Branca" station (Lat. 1°16'N, 
Long. 39°12'W), on1y 11 constituents 
aren't f1agged with an asterisk. 
Apart from that, there are 1arge 
confidence intervals both in 
amplitude H and phase GW, in the 
semi-diurna1 bando 

On the other hand, M0 3 , M4 , SN 4 , 

MSMs and M6 appear among the 11 
se1ected constituents; in coasta1 
stations, they cou1d be considered 
as effective shal10w-water 
components, but here they represent 
a different phenomenon. 

Considering that no important 
effect could disturb the tides at 
so far away from the coast stations, 
the sing1e reason to such anoma1ies 
cou1d be related to the ve10city 
of sound propagation in the water. 

The residual amplitude spectrum 
of each tida1 band of "Branca", 
given by the tidal analysis, is 
graphica11y represented in Figure 2, 
for the semi-diurnal, fourth diurnal 
and sixth diurna1 bands. 

It is very uncommon that coasta1 
stations show such 1arge residuals. 
Even Maraca Island (Iguarapê do 
Inferno, . Lat. 2 0 10'S - Long. 50 0 3l'W), 
where the noise in the semi-diurnal 
band is quite large, has no residual 
amplitude 1arger than 4 cm. And 
note that Maraca Is1and tidal range 
may reach about 11 meters. 

The 12 cm residual showed ~n Figure 
2a, relative to the 28.80 0 /h angular 
frequency, indicates then the existence 
of a phenomenon responsible for the 
anoma1y in the sound propagation 
speed. 

Figures 2b and 2e show also 
significant residuals in the bands of 
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Table 1. Statistically useful harmonic constants 
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Fig. 2. Amplitude residual spectrum for 
"Branca" Stat i on: 2 CID (A) , 
4 CID (B) and 6 C/O (C) • 
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4 and 6 cpd, although no pronounced 
peak such as those of Figure 2a ~s 

observed. 
Mesquita & Morettin (1979) showed 

results of time-series analysis of 
sea water temperature at the depths 
of 60, 90, 100 and 110 meters, at 
latitude 0° and longitude 35°W; the 
results show oscillations at the 
approximate angular frequencies such 
as 29, 43 and 58 degrees per hour. 
Considering that this geographical 
position is reasonably near to 
"Branca", it may be admitted that 
the temperature oscillations can 
produce spurious oscillations in 
the echo-sounders measurements, 
with frequencies round to 2, 3 and 
4 cpd, then interfering in the 
determination of the tidal components 
of the acoustic records. 

"Eliana" station (Lat. 0°5 'N - Long. 
30045'W) displays 14 constituents 
(Table 1); N0 3 , MK3, MiO SN 4 and 
2MS6 passed the statistical selection, 
and the amplitude residuals in the 
semi-diurnal band are significant, 
with two pronounced peaks in the 
residual spectrum (Fig. 3a). 
Nevertheless, these peaks are quite 
smaller than those of Figure 2a. 
Appart from that, the residuals 
corresponding to 4 and 6 cpd are 
much smaller toa (Fig. 3b). 

Finally, at "Flávia" station 
(Lat. 003'N - Long. 30 0S7'W) only 
three shallow water constituents 
remain (MSN 2 , 2MQ3 and M6) and 
there is no remarkable peak in 
the amplitude residuals spectrum, 
in the semi-diurnal band (Fig. 3~). 
This spectrum has the features .of a 
random noise one; these features 
are also present in the residuals 
of the quarter-diurnal band 
(Fig. 3d), which constituents 
didn't pass the statistical 
selection, with no exception. 

It is then remarkable that both 
the peaks of the residual spectrum 
in the tidal bands and the shallow
-water constituents are more evident 
in the western part of the area 
under acoustic measurements, as the 
values relative to "Branca" are 
larger than those of IIFlávioa", 
so that the bottom topography also 
affects such anomalies. 
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Fig. 3. Amplitude residual spectrum; 
"E 1 i ana" Stat i on: 2 CID (A) and 
4 CID(B); "Flávia" Station: 
2 CID (C) and 4 CID (D). 

In all the analysis performed, 
the tidal constituents constants 
agree fairly well with those 
determined by Vassie (1982), with 
respect to the tidal propagation 
in the equatorial Atlantic. 

Discussion 

Coastal researches in the Western part 
of the United States show that the 
temperature and salinity of the 
coastal waters are related to the tides, 
though these variables, at the same 
depths, oscil1ate in accordance with 
the tides (Lacombe, 1965). 

Such phenomenon, due to the pronounced 
vertical gradient of the specific mass 
in adjacent layers with relative motion, 
is known as "internal tides". The 
frequency of these waves is of 
approximately 2 cpd, with amplitude of 
tens of meters and wave length of 100 km 
(Sverdrup et al., 1942). 

In a recent paper, Kase & Siedler 
(1979) accomplished energy spectral 
analysis of temperature and currents at 
their oceanographic station Fl (Lat. 
8°N -Long. 22°50'hl ). The peaks of 
energy are remarkable both in temper-
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ature and current (east and west) 
components, near to 1.92 cpd. This 
frequency is approximately the same 
of the peak in Figure 2a. 

Considering that in the present case the 
tide was observed with inverted 
echo-sounders, every anomaly in the 
speed of sound propagation in the sea 
will alter the depth measurement. 
Consequently, the large residuaIs mostly 
in the semi-diurnal band and the 
shallow-water constituents that 
appeared improperly in the results may 
be associated with the anomalies 
of the sound propagation. 

Since the acoustic tidal measurements 
are disturbed by the specific mass 
anomalies due to temperature, pressure 
and salinity variations, they may be 
useful in researches about internaI 
waves. In fact, the association of 
these observations together with 
temperature continuous records will 
allow researches similar to those of 
Kase & Siedler (op. cit.). 

In the results obtained by Mesquita 
& Morettin (op. cit.), the analysed 
temperature series aren't simultaneous 
with the present data. Meanwhile, the 
reasonable agreement in the frequency 
bands then obtained with the present 
ones indicate a probable correspondence 
between the temperature oscillations 
at the undercurrent leveI (where there 
are large var~ations in the density 
profile) and tidally originated 
disturbances, in the bands of 2, 3, 4 
and even 6 cpd. That fact indicates 
the occurrence of oscillations with 
the same periods, probably associated 
with internaI waves and/or 
variabilities in the mass field, 
at the undercurrent leveI. 

In fact, Cartwright (1982), when 
processing the same data, also finds 
that the spectral noise leveI in the 
tidal bands is about two orders of 
magnitude higher than that given by 
sea leveI conventional records, 
although the main diurnal and semi
-diurnal tides are still coherent 
with the tidal potential. He shows 
that the mid ocean record 
("Flávia") is the only one that 
gives amplitudes and phases which 
correspond closely with the surface 
tide as given by cotidal lines 
obtained through sea bed pressure 
records. On the other hand, "Branca" 

and "Eliana", located near to the 
continental shelf, have also strong 
incoherent tidal signal, showing 
second harmonic distortions (quarter 
diurnal components), which is 
characteristic of internaI tides. 
Finally, Cartwright (op. ~.) 
estimates the acoustic time delay in 
vertical transmission through long 
internaI waves, concluding that, in 
this region, pure internaI tides 
of amplitude 10 m at 200 m depth 
would produce the observed changes 
in the tidal signal. 

Although the use of inverted 
echo-sounders alone proved not being 
very accurate to tidal measurements ~n 
deep-waters, due to the variability 
introduced by internaI waves, the 
combined use of them together with sea 
bed pressure records might lead to a 
complete set of very useful 
measurements of both the surface and 
internaI waves. 

The research developed in 1979 
is inserted in the context of the 
FGGE, which results have some 
connections with climatological 
aspects of the North and Northeast 
of Brazil, so that it should 
have the necessary continuity. 

Conclusions 

The analysis of tidal records from the 
equatorial Atlantic area, obtained by 
means of acoustic devices, indicates 
the occurrence of internaI waves with 
semi-diurnal frequencies. The 
comparison of other spectral bands 
of this analysis with those of spectral 
analysis of temperatu're data in the 
Atlantic Equatorial area (at the 
undercurrent leveI) suggests also the 
occurrence of variabilities in the 3, 
4 and 6 cpd bands, probably associated 
with internaI waves. 

Resumo 

Análises de dados de maré, da zona equa
torial, obtidos com ecobatímetros inver
tidos, mostram consideráveis resíduos na 
faixa de freqüências com aproximadamente 
dois ciclos por dia. Nos harmônicos pa
res com 4 e 6 ciclos por dia são também 
identificadas componentes de maré esta
tisticamente não desprezíveis. 

Análises espectrais de séries de tempe
ratura obtidas na mesma área mostram, 
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por outro lado, variabilidades na mesma 
faixa de freqüências, o que sugere a 
ocorrência, na área equatorial Atlânti
ca, de ondas internas com energia dis
tribuída nessas faixas espectrais. 
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