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ABSTRACT

The results obtained in the August and DecembeB,280gust 2004 and January 2005 oceanographic
campaigns in the northern region of the Todos oed3aBay (lat. 1214.5'S; long. 0385.00'W) between
the Madre de Deus and Maré islands are analyzsttuinents of continuous and discrete samplings were
used to measure hydrographic properties currerdsidas. The water mass of the northern regiorhef t
bay is forced by semidiurnal and mesotides of founmber 0.08 and the lunar component iight was
estimated at 91cm. The time series of the surfagemts indicated movements in the N/S directioncdd

by the tide with maximum magnitudes of 0.73 from the December 2003 campaign. However, in August
2004 the currents were dominated by the wind sfasing, with a maximum speed of 1.85 thand SE
direction. Near the bottom, the influence of thdetis not as evident, with a decrease in interthity to
internal and bottom friction, with a maximum velycof 0.17 m.g. The thermal and haline structures were
weakly horizontally, as well as vertically stradifi, with extreme values varying in the intervalSQ3
(August, 2004) to Z& (December, 2003) and 31.0 psu (August, 2003)6t6 psu (December, 2003),
respectively. Some conclusions may be drawn froesetresults: i) The signs of the dilution of thesfr
water discharges of the Caipe, Mataripe and Sal Figars in the region under the influence of BleAM
were observed only during the winter periods, uthe summer the region was flooded by waters of
oceanic origin and the salinities above 36.0 indidal W mass intrusion; ii) The N-S circulation néae
RLAM is strongly dominated by the tide, and the ortance of the W component was unequivocal,
however, the E-W component presented some tidalutatbdn away from abrupt bottom topographical
changes, and iii) The residual series, calculasetha difference between the original and modétedbout

Y, of the original and confirmed its semidiurchbracter.

Resuwmo

Resultados obtidos em campanhas oceanogréaficézadss em agosto e dezembro de 2003, agosto de 2004
e janeiro de 2005 na regido norte da Baia de Tesi&antos (lat. £24.5' S e long. 0385.00' W) entre as
ilhas Madre de Deus e Maré sdo analisadas. Insmosi@om amostragem discreta e continua foram
utilizados para medidas das propriedades hidraggficorrentes e marés. A massa de dgua da regi&o n
da baia é forgcada por maré semidiurna e mesomaréntimero de forma 0,08 e altura da componente M
préxima a 0.91 m. A série temporal das correntesuglerficie indicaram movimentos na diregdo N/#& co
intensidades de até 0,73 them dezembro de 2003. Entretanto, em agosto de &0®brrentes foram
dominadas pela tenséo de cisalhamento do vengiratimintensidade maxima de 1,85 ™® sentido SE.

Nas proximidades do fundo a influéncia da maréfoéimuito evidente, com a intensidade decrescenélo a
cerca de 0.17 m’sdevido ao atrito interno e de fundo. Os camposedeeratura e de salinidade foram
fracamente estratificados tanto vertical como horizimente, com valores extremos nos intervaldaie
(agosto de 2004) a 28 (dezembro de 2003) e 31.0 ups (agosto de 2088)Caups (dezembro de 2003),
respectivamente. Desses resultados seguem as siegcli) A diluicdo gerada pela descarga de agoa do
dos rios Caipe, Mataripe e S&do Paulo na regidardhbiéncia da RLAM foram observadas somente nos
periodos; inverno, e no verdo a intrusdo de ageasigem oceanica com salinidades maiores do qiie 36
indicaram a intrusdo da massa de Agua TropicalA idirculacdo N-S proximo a RLAM foi dominada
fortemente pela maré, sendo a importancia da coempensemidiurna M muito clara; entretanto, a
circulagdo na direcdo E-W somente apresentou algnotulacdo da maré longe das variagGes abruptas da
topografia do fundo; iii) As diferencas da sérisideal da maré, calculadas pelas alturas da ségea
subtraidas das séries modeladas, foram, cercadds #riginais, confirmando sua caracteristica senma.

Descriptors: Hydrographic properties, Currents,e$idSpatial distribution, Temporal variations, Hanic
analysis.

Descritores: Propriedades hidrograficas, Correndarés, Distribuicdo espacial, Variagdo temporal,
Anélise harmonica.
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INTRODUCTION Additional results were released by Lessalet
(2001) who analyzed a data set of tide heights and
current measurements obtained from the National
Bank of Oceanographic Data of the Hydrography and
The Todos os Santos Bay (TSB) (Fig. 1) igNavigation Directory (BNDO). quever, although
located in the vicinity of the city of Salvador aad it N€S€ measurements are also mainly concentrated to
is to be found the largest petrochemical compleshén € western region and to the south of the dosesrad
southern  hemisphere  (Camacari Petrochemicagland (Fig. 1), the authors identified the existemf

Center). The commodity exporting ports of Arat andide measurements within the TSB and in the adjacent
Salvador and several maritime terminals are alsBP@Stal region, although most of them were of short

situated on the bay. Relevant publications on thduration. In that study, the bimonthly modulatioh o
oceanographic characteristics of the bay are: anat the tide is evident, as also is the fact that the
the former analysis of the data on suspended rahterProPagation of the tidal wave up to the Paraguacu

by Wolgemuth et al. (1981), the description of it<Channel is hypersynchronous, amplified by a facfor o

thermohaline properties by Barreto and Paredes® in relation to the tide at the entran_ce of !blag _
(1995) and of the barotropic modeling of itsThe current measurements, taken during spring tide,
circulation and dispersion characteristics b}jndicated a small vertical shear, consistent wiib t
Montenegro et al. (1999), and more recently those glmost homogeneous characteristics of the water
Cirano and Lessa (2007) and Lessa et al. (2009). ~ column.
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Fig. 1. The Todos os Santos Bay in the state ofilBdat. 1250'S; long.
038°38'W). The study region is situated within the sguacated in the northern
region between the Madre de Deus and Maré islahidisl gauge station is
indicated by {). Adapted from Lessa et al. (2009).
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A data set of meteorological observations, M ATERIAL AND METHODS
thermohaline properties, tidal heights and currents
sampled at several stations during wet and dry The tide heights were digitally registered by an

seasons was subjected to further analysis by €irapanderaa tidal pressure gauge, installed in the
and Lessa (2007) with the following principal“TRANSPETRO” dock on the Madre de Deus Island
results: the TSB circulation is mainly tidally witio (lat. 1245.4’'S; lat. 03%7.4W O Fig. 1) from
significant variation during .the year; ii) duringpet August 2003 to January 2004. The equipment was set
summer the water masses in the bay present oceagiCegister relative pressure data at the same time
characteristics  with the TW (S>36:0,, in deep interval as the mooring’s current measurements
water) penetrating throughout the bay, ex@pt at=30 min). The pressure values were converted into

g - 35 q‘]eights by means of the conversion equation supplie
bay where salinities lower than S= 32/, are by the instrument's manufacturer.

found (GENZ, 2006), with temperatures reaching The harmonic analysis, by which the signals of

3C°C, about 3.LC higher than those of the wateryeterministic and astronomic tides are distingudshe
masses of the coastal zone. In the winter time,tdue p inertia| signals, was conducted in accordandé wi
the increase in the fresh water input, sadisiin  Goqin (1972), using the Matlab software (Mathworks
the bay can be as low as 32/,,’;). The cotidal lines Inc.) “t_tide.m” (PAWLOWICZ et al, 2002). This
show a progressive amplification and delay of theqtine hreaks the sea surface height series doten i

semidiumal M component,  characterizing agironomical and 24 shallow water components. The
hypersynchronous wave propagation. The mMOS{on tigal signal is estimated as a function of the
comprehensive literature review and presemiaio eterministic characteristic of the tide and thertial
knowledge on the climatology, hydrology, regigue is obtained by subtracting the tide signal
thermohaline properties, forcing mechanisms angalculated by the analysis of the total signal raes
circulation of the TSB, particularly in some impotta 1he form number (N used to characterize the tidal
sectors or those impacted by the local urban a’}geriodicity, was calculated in accordance with A.
industrial development, is presented in the recergq tier (DEFANT, 1960), using the ratio between the
publication of Lessa et al. (2.009)' . amplitudes of the main diurnal {KO;) and

It has been noted, in the light of the abovegmidiurnal (M+S,) components.
mentioned  studies, that the data on the The hydrographical experiments were
hydrpgraphic properties and_ circulation were nNOLgnqucted by means of quasi-synoptic (Fig. 2) and
obta_lned on a seasonal time scale and that t %n-synoptic (Fig. 3) samplings in the region betwe
spatial coverage was concentrated on the areaeto $o MDI and MI, called the RLAM mesh which,

west and south of Frade Island (IF) and on thgygether with its chronology, is presented in Table
Paraguacu Canal (CP), stretching up to the Iguape Bay,o quasi-synoptic sampling at the stations was

(GENZ, 2006). ) . ._carried out under both flood and ebb tide condgion
The study area is located in the northern region

of the TSB, between the Madre de Deus (MDI) angapje 1. Date sampling chronology of current tinesies,
Maré islands (MI) (Fig. 1). This region receive® th thermohaline properties and current profiles in RieAM
discharges of the Caipé, Mataripe and S&o Paulcsrivemesh. SY and NSY denote periods of synoptic and non
located in the north-eastern part of the northe®®,T synoptic measurements.

named Sector_3, with a small fresh water discharge

varying between the extreme mean values of 5.9'm Month/Year Sampling RLAM mesh thermohaline
and 1.18 ms! with an annual mean of 4.20%s¢ period profiles and currents
(LESSA et al., 2009). Also, during the experiments, Cuggﬂégme

two control regions were created located, respelgtiv

in the Caboto (TSB) Embayment and Camamu BajMy-August2003 251012 SY:02%; NSY: 03 to 04"

(BC) to the south. The present study was conductekcember/2003 f1to 16"  SY:08"; NSY: 05" to 07"
within the scope of the Program of Environmentabuly-August/ 2004 28t016"  SY:29"; NSY: 28"-29"-31%
Monitoring of the Estuarine Ecosystem in the areganuary2005 020"  Sy:16" : NSY: 18" to 20"

affected by the Landulpho Alves Refinery
PROMARLAM (a joint PETROBRAS-

CENPES/IOUSP project). The main objective of this . The sampling. was cgrried out non-
article with its analysis of the data collected e Synoptically at some stations considered as cantrol

: ; : ; ; he rivers Caipé, Mataripe and Sao Paulo and in the
thermohaline properties, velocity and tides is td . .
expand our knowledge of the oceanographié:abom Embayment (Fig. 3), but the data obtained

characteristics of the northern reaches of the TSB.  We'® only used in the biological and chemical stadi
The non-synoptic RLAM mesh, however, sought to




10 RBZILIAN JOURNAL OF OCEANOGRAPHY, 59(1), 2011

obtain data on the hydrographic

simultaneously with the actual sampling of theto measure

conditionsthe study area (Figs 2 and 3). The equipment was se

in situ conductivity (in mS/cm),

chemical and biological parameters and differedemperature°C) and pressure (decibais) converted

slightly from the synoptic one.
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into salinity by means of the Practical Salinityalgc
(PSS-78); the salinity unity psu will be suppressed
reporting the salinity figures. Instantaneous vsloé
the north-south () and east-west velocity
components (¥) were measured by the equipment in
relation to the local magnetic north (MN). Due e t
shallowness of the water column sampled, the
compressibility effect of the water was negligited

the pressure (in decibars) may be numerically edlat
to the depth (z) in meters. Water samples were
collected at many stations to monitor the CTD
conductivity sensor. These samples were analyzed in
the laboratory with an AutoSal salinometer by
Guildline standardized with normal water (KCI

standard) and were also converted into salinityhgy
PSS-78.

In order to avoid any influence of the draft of
the vessel on the physical properties, especialy a
regards the direction and intensity of the currettts
measurements along the water column were initiated
square). Adapted from Pires-Vanin et al. (2010). approximately 1 m below the water surface. Staréing
this depth, the profiles were monitored with the

R pressure sensor until nearing the bottom, with
268 ?TN ] intermediate measurements taken at variable depth
L intervals according to local depth.

#h: 4 The editing and processing of the
hydrographic data were carried out in accordantle wi
the following procedure. The electric conductivity
C=C(S,T,p), measured by the instrument in mS/cm,
was converted into the Electrical Conductivity Ratio
(R) wusing the equation RC(S,T,p)/C(35,15,0)=
C(S,T,p)/42.914. This non-dimensional property was
converted into salinity (S) by the application bet
PSS-1978 Algorithm (UNESCO, 1981; FOFONOFF;
MILLARD JR, 1983), using Morgan's (1994)
programmed subroutines.

Simultaneously, measurements of current
intensity and direction were carried out from the
Fig. 3. Geographical localization of the oceanograp Moored boat and with the instrument held at thetdep
stations of the non-synoptic griel)(almost coincident with Sampled for 60 seconds. The velocity vectors were
the synoptic grid, the current meter mooring (blaguare), broken down in accordance with the orthogonal
the Caipe (C1 and C2), Mataripe (M1 and M2) andBdido  Cartesian referential Oxy, with the Oy and Ox axes
(S1 and S2) rivers. Adapted from Pires-Vanin gt24l10. oriented positively to the north and east; the aited

The current measurements in the quasil- and v-velocity components were obtained by the
synoptic grid were carried out on profiles,method presented in Miranda et al. (2002). In
simultaneously ~ with  the  measurements oficcordance with UNESCO’s recommendation
hydrographic properties and in the Eulerian formg a (UNESCO, 1985) the intensity of the current is
the current time series of the mooring near the MDEXpressed in SI units (s All the data were

was used to infer the variability in the circulatinear ~Submitted to quality control, editing, and procegsi
the RLAM. Specific programs were developed for this purpose i

For the hydrographic and current profiling acrder to generate discrete values throughout thterwa
current meter/CTD system, model 2D-ACM, ofcolumn. o
Falmouth Scientific Inc., was used, together with a ~ Horizontal distributions of temperature and
acoustic velocity sensor, at the stations situatigin ~ Salinity at the surface and near the bottom of the
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Fig. 2. Geographical location of the oceanograptations in
the RLAM mesh of the quasi-synoptic griel) (named in
alphabetical order and the current meter moorinig.ckb
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synoptic grid were obtained from the interpolatimin measurements, taken at 30-minute intervais=30

the observed values into a regular grid. The Object min), are representative to characterize surface
Analysis Technique (OAT) used is based on the {eastirculation. On the first campaign (August, 2003),
squares method and the Gauss-Markov theoreemditional current measurements were taken near the
(DAVIS, 1975). For the present gridding we used @&ottom. On the January 2005 campaign the mooring
weight-function which is the auto-correlation fulmect  position was slightly altered (lat. B®.526' S and

of interest (CARTER; ROBINSON, 1987). The usuallong. 03830.000’ W) in order to evaluate the effect of
procedure is the adjustment of the auto-correlatiothe topographic shallows in the surroundings of the
function of the data to a theoretical form. In teiedy original position. The method used for the velocity
we adopted a Gaussian and isotropic form (that isiector breakdown was analogous to that used in the
with isotropic features in the cross-shore and @lon profiles and the time series of the v and u comptse
shore directions) given by C(r) = €f)} exp(-FIL?), were processed in the time and frequency domain
acting as a strong process of spatial filteringtHa using harmonic analysis to identify the charactiess
case of the synoptic grid, we used the empiricallpf the circulation and its main forcing mechanism.
determined values L=2.75 km ar@=10°. Since in

the estuarine area the time scales are associatied w REesuLTs

variability forced, among other agents, by the Itida

dynamics, the plotting of the contours involvingdgr Tides

stations, where chemical-biological sampling took

place, may lead to mistakes in interpretation due t The time series of the tidal heights (Fig. 4a) is

temporal smoothing. In this case the spatial filgof  presented together with the modeled tide (Fig. 4b)
the OAT is insufficient to simulate the synopticcalculated with harmonic analysis and the residual

sampling mathematically. height (Fig. 4c), obtained by subtracting the medel
During the August 2003, December 2004 andleterministic tide from the original series.
August 2004 campaigns, time series of currents The harmonic analysis parameter was set to

(intensity and direction) were also measured, witliesolve the main periodic components with a
current meters (Falmouth; model 2D-ACM, 1370-2Dconfidence interval of 95% (Fig. 5). As a resulitlo¢
and 1356-2D series) installed on the main branch ofanalysis it was possible to quantify the semidiurna
U mooring at lat. 124,526’ S and long. 0884.990' character of the tide ¢(N0.08) and conclude that the
W (Fig. 2). The nominal depth of the instrument wasemidiurnal components MS, and N are responsible
established at two meters from the surface. Theder nearly 1.5 m of the tidal height.

(@)

Tidal height (m)

1 -4
o WM &MW‘WWW,W

Ak 4

Residual (m)

Oct Jan Apr Jul Qct Jan

Time (day)

Fig. 4. Tide time series from August, 2003 to Japu2005. Tidal height
(a) modeled deterministic tide (b) and residual (c)
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Dotted line indicates the 95%
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Fig. 5. Amplitude of the main tidal components hanmally analyzed at a
95% confidence level. Time series from August, 2@03anuary, 2005.

July/August 2003 component is less intense and has a west to es®f (u
) ) and east to west (u<0) orientation with velocities
Current Time Series between 0.10 miand -0.07 m: the circulation

ssociated with this component does not preserla w

The time series of the transversal (u) amﬁefined periodicity

longitudinal (v) components athe surface are
presented in Figure 6 a,b. This figure shows thextu-
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Fig. 6. Time series of the surface velocity; u-comgnt (a) and v-component
(b). The current mooring was carried out in JulygAst 2003 (from 07/29 to
08/12) in the region of the RLAM mesh.
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The longitudinal v-velocity component, in that near the bottom the currents are less infleg iy
turn, has intensities which vary in the intervak6f20 the semidiurnal and the neap to spring tidal
to 0.20 m.g, and shows a notable semidiurnal andfortnightly) modulation.

fortnightly tidal modulation with distinct high aridw In order to investigate the v-velocity time
intensities in the spring and neap tidal cyclesseries behavior in the frequency domain to confirm
respectively. and quantify the fact that the transversal compbnen

The time series of the transversal (u) andv) is dominated by the tidal forcing, the timeissr
longitudinal (v) components near the bottom aravas processed by harmonic analysis, just as was don
presented in Figure 7. In general, as would bwith the tide height time series (Fig. 5). The fesare
expected, the transversal (u) and longitudinal (vpresented in Figure 8 and the dominance of the
components are less intense than those on thecsurfaemidiurnal tide component JMas the main forcing
(Fig. 6), varying within the intervals: -0.12 .40 mechanism of the v-velocity component in the north
0.14 m.8 and -0.15 m:$ to -0.15 m.3, respectively. region of the TSM is clearly seen.

The comparative analysis of these time series shows
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“LiALAS s |

o 100 200 300 400 500 600 700
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Fig. 7. Time series of the u and v velocity
components (a and b, respectively) near the
bottom. The current meter mooring was
carried out in July-August, 2003 (from

I 1 I 1 L
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constituents, at the 95% confidence level, for vhe "
velocity component of the August 2003 Campaign
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The original time series (a), the theoreticalpercentage error committed while delineating the
heights determined by harmonic analysis (b) and thieolines.
residual time series (c) are presented in Figuréhe. The characterization of the salinity and
comparison of the original time series with thetemperature fields at the surface and near thetnott
modeled one allow the visualization and thdn the nearly synoptic sampling are presentedgares
understanding of its spectrum in the frequency doma 10 and 11 and Figures 12 and 13 forftheding and ebbing
(Fig. 8). It must be emphasized that the residedes Periods, respectively. o
still presents strong evidence of tidal cycle peidy. The distributions of salinity and temperature
This is to be expected due to the short lengthhef t presented variations between 31.0 and 33.0 and@5.0
series (15 days) which only allows for the “extract ~ and 26.8C, respectively, with negative and positive
of the M, by harmonic analysis. It is however gradients delimited in the NE orientation; lower
necessary to state in Figure 8 that this semidiurnéhigher) values of salinity (temperature), on the
tidal component has the highest significant amgttu surface as well as near the bottom, are found én th

at the 95% confidence interval. extreme northeast of the synoptic mesh and are
associated with riverine discharge. The most irgens
Hydrography and Currents gradients are found at the surface during bothdftogp

and ebbing. The presence of more saline watersgluri

The results of the edited data regardinghe ebbing periods exhibits the initial scenariottud
hydrography (salinity and temperature) and currentsetraction of the penetration of marine waters, sého
(intensity, direction and v and u components), Whic maximum was attained during the period of slack
represent the environmental characterization of theater (see the distribution of the isohalines o038
area sampled, are presented to the RLAM mesh in thlee panels in Figs 12 and 13). The horizontal
nearly synoptic grid sampling during the rising andlistributions of salinity for the flooding periothew a
ebbing tides, as well as to the non-synoptic grid . greater participation of waters of lower salinityda

As described in the methodology, in order totherefore, greater continental influence. The itoba
trace the structure of the horizontal propertydiighe of 32.0, for example, occupies a more central fmsit
OAT analysis method was used to minimize then the area sampled.
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Fig. 9. Original time series (a), the harmonicafipdeled (b) and residual time series (c) of the
longitudinal velocity component (v) in July-Augu&Q03 (from 07/29 to 08/12). Amplitudes in
m.s’,
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Fig. 10. Distribution of salinity (upper) and Fig. 12. Distribution of salinity (upper) and
temperature °C) (lower) at the surface temperature °C) (lower) at the surface
(flooding). Sampling of Augustg 2003. (ebbing). Sampling of August® 2003.
314 :
i i
Fig. 11. Distribution of salinity (upper) and Fig. 13. Distribution of salinity (upper) and
temperature °C) (lower) near the bottom temperature °C) (lower) near the bottom
(ebbing). Sampling of Augusf'® 2003.

(flooding). Sampling of August"?, 2003.
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December 2003 intrusion of the Tropical Water mass into the bight
up to its northern region.
During this period of observation, a single Figures 15 to 18 present the horizontal

current meter, whose operation started for technicaistributions of salinity and temperature in the
reasons the {lday, was moored near the surface. lt$ynoptic grid of the RLAM mesh, obtained by the
time series is presented in Figure 14. OAT analysis method. The interpolation parameters
While the transversal movement (componentised on the August 2003 campaign were also used in
u) did not present a very evident periodic sigratur the computation in order to obtain the temperatume
the longitudinal movements (component v), whosgalinity fields. The salinity distributions are tgplly
intensities varied between the extremes —0.15"m.setween 36.0 and 36.2. Gradients are subtle afetref
and 0.12 m§ presented a noteworthy semidiurnala virtually isohaline condition. The higher values
modulation of the tide. We observed evidence ofound at station M induce a slight variation in the
modulation of the intensity of the currents asseda extreme northeast of the synoptic grid. The valoies
with the spring and neap tides, despite the bresfity oceanic salinity suggest a decrease in the riverine
the series. discharge in the region affected by the RLAM during
On this second campaign, the vertical structurghe summer period sampled. The temperature
of the hydrographic properties presented weakaadrti distributions however exhibit values between 28.8
stratification in the region investigated, duringttb and 30.8C. The temperature gradient is also different
the flood and ebb tides. The temperatures obsemed from that obtained on the August, 2003 campaign: it
about 3.6C to 4.0C higher than those observed on theobeys a predominantly south-north orientation, &igh
August, 2003 campaign. However, the biggestvalues being associated with shallower regions,
differences are to be found in the salinity valwsch  probably induced by solar radiation over more
are above 36.0 at all the stations, evidencingngtro exiguous water columns. The slightly higher
marine influence. This salinity value indicatedtemperature values during ebb tide are due toabie f
that the sampling occurred later in the day.
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Fig. 14. Time series of the velocity componentthatsurface: u-component u (upper)
and v-component (lower), from Decembéf & 16", 2003, truncated to the first 10
days of acquisition.
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There are no notable differences between the On the previous campaigns, the transversal
distributions obtained for the flood and ebb tidecomponent was widely dominated by the tide (Figs 8
periods. This is a consequence of the clear pregale and 9). However, on this campaign there was no such
of waters of marine origin over those of continéntadomination, as is confirmed by the harmonic analysi
origin. (Fig. 20).

Figure 21 exhibits the original, the modeled

deterministic and the residual time series. The

July/August 2004 comparison between the original and modeled series
consists of the visualization of the spectrum ie th

_The time series of the transversal (u) angrequency domain (Fig. 20). It must be emphasized
longitudinal (v) components at the surface, whée t ot the residual series is practically the saméhas

movements do not present the expected tidggingl ones, showing very litle evidence of
modulation seen on previous campaigns, are prasentSeriodicity. This was unexpected since in previous
in Figure 19. campaigns it was possible, even in short time serie
The u component has an east to west (u>0) and,ch a5 this one, to observe the dominance of the
a west to east (u<0) orientation, its maximuMyemigiymal tidal component Min the frequency
intensities being between 0.59 th.and 0.07 M jomain (Fig. 8). Such a result, very different frtime
The longitudinal movements (v-component) havéhers may be a consequence of the passage of cold
intensities which vary between the limiting val@#s-  4ts across the region during the period samplad,

0.52 m.§ and 0.03 m:& to the wind stress forcing and meteorological tides
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Fig. 19. Time series of the velocity componentthatsurface: component u (upper) and v (lower).
The current meter was moored during the July/Auyg804 (07/28 to 08/15) campaign in the
RLAM mesh region.
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The thermohaline field characterizatiah the
surface and near the bottom for the flooding antbetween 30.9 and 34.1 and ZC5and 25.7C, with
ebbing periods are presented in Figures 22 andr8, their
Figures 24 and 25, respectively.

respective negative and positive gradients

The salinity and temperature show variations

delineated in the NE direction.
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The lower/higher values of  salinity/ Figure 26 presents the current time series of
temperature at the surface, as well as near therbpt the u and v-velocity components. The transversal
are found in the extreme northeast of the synaptit currents (u component) have almost the same
and the area associated with riverine discharglar(so intensities as the longitudinal ones (v-component).
radiation input). The most intense gradients atmd@o Their maximum velocities are between 0.09 hrasd
at the surface, during both flood and ebb tideee Th-0.08 m.3 and 0.13 m3d and -0.12 m}
presence of more saline waters during the ebbingspectively.
periods exhibits the initial scenario of the reti@t of The transversal and longitudinal circulation
the penetration of marine waters, whose maximurpresent very evident periodic signatures: a notdwor
was attained during the period of slack water t(bee semidiurnal modulation of the tide, despite thevitye
distribution of isohalines of 32 in the panels iigd= of the series, is clearly to be seen. The east-west
24-25) The horizontal distributions of salinity ftre component also indicates the importance of thendiur
flooding period show a greater participation ofsles component.

saline waters and, therefore, a higher input ofhfre Examination of the figure (Fig. 26) reveals that
water discharge. both current components are largely dominated by th
tide. In order to confirm and quantify this influen
January 2005 the time series was also subjected to harmonic

] ) ) ) ) analysis, just as in the August 2003 and 2004 time
The mooring during this period consisted of aseries, so that the analysis might be performethén
single current meter located near the sea surfacequency domain. However, it was used in the
though with a slight modification in its positiofhis  complex form so as to present the velocity analgsis
modification was made in order to permit observatio hoth components together. The results are presénted
of the currents generated by the tide at a distéooe  Figure 27 and the dominance of the semidiurnal) (M

the bathymetric shallows of the previous positidn oand the diurnal (K components forcing in the
the three initial campaigns. velocity field is clear.
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Fig. 26. Time series of the u (a) and v-velocity¢gbmponents at the water surface.
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Doted line indicates the 95%
confidence interval
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Fig. 27. Amplitude of the complex harmonic analysit constituents, at a 95%
confidence level, for the u and v-velocity compdsetturing the January 2004 (01/15-
01/20) period. Amplitude in m’s

The salinity distributions in the RLAM mesh 0.10 m.§& and -0.07 m than the longitudinal
area (Figs 28 - 31) present values typically betweemovements (v- component) , whose intensities varied
35.3 and 36.2. Gradients are subtle and reflect letween the extremes of —0.20 Th.end 0.24 m:§
virtually isohaline structure. The temperatureexcept for the last campaign, when the current mete
distributions also exhibit almost isothermal coiwfis was repositioned and the currents presented aircerta
from 28.7C to 29.9C. The horizontal temperature symmetry. The movements presented noteworthy
distribution, with slightly more marked north-southsemidiurnal and fortnightly tide modulations, which
gradients, probably being the signature of diurnahre the main forcing mechanism, in agreement with
heating in the shallower regions of the bay. previous works (MONTENEGRO et al., 1999, LESSA

et al., 2001; CIRANO; LESSA, 2007). However, on
the August 2004 campaign, the transversal and
DiscussioN longitudinal movements are of similar intensity and
. the resulting orientation is to the SE. This maydbe
Bay isngmr;r?gtgzmb;egslgr?wigifu:Ezl 'I;%deoss ?iesef‘gro% the influence of the passage of a cold frontcwhi
. ) ; Mnasked the tide induced circulation. The time sevie
numbgr, determined on the basis of the t.'de ha.rmon{hese components near the bottom showed, in general
gnaly5|s, was calculated .at 0'0.8' and 1S within .th?hat the transversal (u-component) and longitudinal
mtegvsal (O.(?4-§)(.)t1) obtained in previous swd'esmovements (v-component) have slightly lower
(LE A?I'thae” tim(?l series  of Eulerian Currentintensities than those observed at the surface. The
- L omparative analysis of these results indicates, tha
measurements in the bay near the RLAM |nd|cateﬁear the bottom, the semidiurnal and fortnighttiati

that in the AUQUSt 2003, December 2003 and Januamodulations are diminished by friction with the ane
2005 Campaigns, the transversal movements (| oor

component) on the surface are less intense (between
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On the January 2005 campaign, a new location Based
was tested in order to verify the influence of the ] ]
bottom topography on the circulation in the RLAM On the seasonal samplings taken in the present

bay. The mooring was cast further from theStudy we may establish that:
topographic shallow or sandbank. The result was tha o
away from the shallows, the flow was dominated byl- The dilution promoted by the fresh water
the tide, also in the east-west orientation. THeary ~ discharges of the Caipe, Mataripe and Sé&o Paulcsrive
isotropy was also verified, both components havind) the estuarine water of the region under theigrfce
similar magnitudes. This experiment illustrates théf the RLAM was observed only during the winter
importance of topography for flow in estuarine cegi  Periods. In the summer, the region was flooded by
- as has been investigated in classical articlesh s Waters of oceanic origin and the salinities higten
that by Dyer (1977). 36.0 indicate the intrusion of the Tropical Watexss
The time and salinity distributions reveal ainto the Bay; . .
greater influence of continental water dischargeg- The water column was well mixed vertically
during the winter. The surface and bottom saligitiethroughout the year. Even during the summer, no
varied basically from 31.0 to 33.0. During the suenm Vertical stratification was observed at any of the
however, the values are typically situated betweefc€anographic stations sampled, due to the lowtinpu
36.0 and 36.2 at practically all the sampling etai Of fresh water; o
and these high values indicate that the intrusiothe 3. The circulation in the bay, near the RLAM, is, in
Tropical Water mass reaches the northern partef tHact, strongly dominated by the tide. The impor&anc
TSB. These results are in close agreement with tho§é the M, constituent is particularly unequivocal. The
of the pioneering works of Wolgemuth et al. (1981),hm|ted. extension of the current series qf each
Barreto and Paredes (1995) and the more recent orf@npaign prevents a more accurate analysis of the
of Cirano and Lessa (2007) and Lessa and Cirarf§cord. However, at least 70% of the variationhef t
(2009). longitudinal  velocity component is explained
The temperature and salinity values presentegleterministically by the tidal phenomenon. The
averages for the interpolated values obtained ley tHransversal component, on the other hand, only
Objective Analysis Technique and their respectiv@resented this modulation when the mooring was
absolute maximum and minimum. Despite theiPlaced in deeper waters and away from abrupt bottom
simplicity, the August 2003/2004 and Decembetopographical changes;
2003/January 2004 campaigns seem typically t§- The tide time series of nearly two years allowed
represent the winter and summer periods, since tf@r the separation (in a statistically significavay) of
mean values of these campaigns at the stations &@veral tide components. The residual series,
very close to each other. calculated as the difference between the origindl a
The river discharge input induces a negativénodeled series, is about ¥ of the original. The tid
gradient in the NE direction during the winter, andheight time series also provided the confirmatidn o
weaker gradients in the opposite direction during t the semidiurnal aspect of the local tide with anfor
summer. The temperature fields are less evident fumber of 0.08; . ,
terms of tracing continental water input into teyb 5. Based on the present sampling period there seems
The temperature maps during the winter period® pe a certain influence of the metgorologlcabtld
presented greater areas which coincided with thduring the August 2004 campaign, which masked the
salinity minima associated with the riverine disgfea tidal circulation pattern. This result, however oisly
However, for the summer periods the thermal gradiersPeculative since no simultaneous meteorologice da
is predominantly in the N-S direction with the high Were available.
temperatures near the coast. Such a distributidineis
result of the solar heating of the water of maongin
in shallower regions.

The seasonal behavior, which alternates ACKNOWLEDGMENTS
between an estuarine regime in the winter and vedter
oceanic origin during the summer, has recently been The team of physical oceanography of the

described by Cirano and Lessa (2007). These ocea®®ROMARLAM project wish to thank PETROBRAS
waters have the characteristics of the TropicaléVat for the opportunity to collect and analyze the data
found adjacent to the continental shelf break thitlv  presented in this study. Major editing work was
penetrated the Todos os Santos Bay during thendertaken by Carolina Nobre.

summer.
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