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Abstract. On the southeastern continental
shelf of Brazil the wintertime subtidal
variability of the circulation is highly
dominated by the passage of cold fronts.
Hydrographic data for the region reveal that

during this (July, August, September) season only
a weak vertical stratification is observed. In
this paper the response of the region to cold
fronts is studied by using a barotropic finite
element model, forced by a conceptual cold front
wind field derived from the analysis of coastal

winds and satellite imagery.

1. Introduction
The South Brazil Bight (SBB) is defined as the
region of the southeastern Brazilian continental
shelf extending from Cabé S0 Tomé (22°00’S and
41°00’W) to Cabo Santa Marta (28°00‘S and 48°

49'W) [Castro Filho, 1985). The shelf width
varies from 70 km at Cabo Frio to a maximum of
200 km at Santos midsection. The bottom
topography is relatively smooth, with the

isobaths tending to follow the coastline. The
éhelf break is located between the 150- and 200-m
isobaths (Figure 1).

Hydrographic data SBB by
several investigators show a strong thermocline
and pycnocline present at a depth of 25 to 30 m

collected in the

during the summer season. During the winter

season, the mixed 1layer is generally well
developed over most of the shelf, with the water
column showing only temperature and
density variations over its depth [Miranda, 1982;
Matsuura, 1983; Castro Filho, 1985; Castro Filho

et al., 1987). Figure 2 from Miranda ({1982] shows

small

for two nearby vertical cross-shelf
this

very clearly,

close to S&do Sebastido, strong

sections
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difference in stratification between summer and
winter for the SBB.
According to Clarke
shelf response to
dominated Dby its
following condition is satisfied: N2 £
shelf

and Brink [1985], the
forcing is
when the

s? << 1,

low-frequency

barotropic mode

-2
Brunt-Vaisalla

where N is the average

frequency, f is the Coriolis parameter and s is
the average shelf bottom slope. Ikeda and
Stevenson [1982) and Leite ([1983] show that

typical values of N for the winter season in the
SBB are in the range of 1.5 x 1073 to 8.3 x 1073
Hz. The bottom slope parameter varies between
0.5 x 1073 to 1.0 x 10™3. The Coriolis parameter
is here taken as 0.6 x 1074 s71, corresponding
to the midsection latitude of 25°S. Therefore
N2 £72 g2 1.6 x 1074  and
1.9 x 10'2, implying a high barotropic response
of the SBB. The
is expected to become enhanced in the region of
the shelf break, where intrusions of the Brazil
Current can affect the flow [Garfield, 1990].

At subtidal frequencies and especially during
the winter, the surface wind field in the SBB is

varies between

baroclinic component of the flow

highly influenced by the passage of frontal
systems occurring over periods of 6 to 11 days
[Stech, 1990]. Considering that the wind stress

is one of the major low-frequency

coastal

forcing

mechanisms of the circulation, the

frontal systems are expected to play a
significant role in determining variability in
the flow.

Several studies have been done dealing with
the response of the continental shelf to the wind

stress field associated with weather systems
traveling across the coastline. For example, Chao
[1981) studied the barotropically forced

circulation over the continental shelf, generated

by an alongshore wind stress having a finite

extent in the alongshore direction and
oscillating with a frequency typical of the
frontal passages. His work treated the

interaction of barotropic shelf waves with the
localized wind-forced response.
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Fig. 1. Map of the meteorological station station positions and the
South Brazil Bight (SBB) with isobaths (dashed lines) in meters.
Klinck et al. [1981) investigated the weather systems, a low-pass Lanczos square filter

circulation induced over the continental shelf by
a moving, localized line of surface stress. In
that paper the shelf response is analyzed in
terms of the ratio of the storm speed to the
internal or external wave speed depending on the
degree of baroclinicity of the flow.

In the present paper the wintertime response
of the SBB to the passage of frontal systems is
investigated through a wind forced barotropic
numerical model that incorporates all terms of
the equations, real bottom
topography and coastline geometry. The model is
forced by a wind stress field which simulates the
main of the wind field
associated with the passage of cold fronts in the

Navier-sStokes

characteristics real

southeast Brazilian coast.

with a cutoff period of 40 hours was applied to
the data set.

The energy spectra of the
wind series collected in the winter of 1984 at
the Santa Marta station (90 days) are presented
for both the alongshore and cross-

(6 hour intervals)

in Figure 3,
The spectra were calculated
Fourier transform of the
covariance function. It can be observed that most
of the energy is located in the alongshore
component. Two main energy peaks dominate the
spectrum; one at 11 days and the other at 6.5
days. For the S&o Tomé station (not shown) the
6.5 day peak was found to dominate the spectrum.

shore
through the

components.
auto-

The following analysis of satellite imagery shows
that the 6.5-day period is associated with the

passage of cold fronts. Wind energy spectra for

2. Data Set and Processing the other years, not shown, have the same
characteristics.
Surface wind data collected at 0, 6, 12 and 18 In order to get a better picture of how the

hours (local time) were available for the winter
season from the coastal stations of Santa Marta,
Arvoredo, Ilha Rasa and S&0 Tomé (see Figure 1
for stations locations) for the years 1980 to
1985. In order to get a clearer signal of the
low-frequency synoptic band associated with the

frontal systems propagate through the region and
to fill in gaps
infrared images of the GOES-W satellite,
as surface synoptic charts were analyzed for the

visible and
as well

in the data set,

same 6-year period. Figure 4 shows an example of
a time sequence of cold front penetration as
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Fig. 2.

sigma-t (gram per liter) along
Sebastido for the (a) summer and
{1982].

observed by the IR sensor of the GOES satellite,
the two synoptic
charts for the same period. Table 1 presents some

and Figure 5 shows surface

results of this analysis. As can be seen from
Table 1,
of the wind matches with the mean time between

the 6.5-day peak present in the spectra

consecutive fronts, supporting the proposition
that this peak is associated with the passage of
frontal systems.
Sea level data (sampled at hourly intervals)
collected at

were also available.

several coastal tide gauge sites
This data set was also low-
passed using a Lanczos-square filter with a 40-
hour cutoff frequency to remove high-frequency
components. The energy spectrum of low-passed sea
level variations measured at Paranagua for the

winter of 1984 (92 days) is presented in Figure

two cross-shelf sections
(b) winter of 1970.
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6. Subtidal sea level variations at that site
appear to be strongly dominated by oscillations
with a period of about 7 days, the same frequency

band as the frontal systems, thereby giving
support to the hypothesis that the frontal
systems are in fact, one of the main low-

frequency forcing mechanisms of the wintertime
flow variability in the SBB.

3. A Conceptual Model of Cold Fronts
for the SBB

The following characteristics of

wintertime cold fronts in the SBB emerge from the

of satellite

the cold

part of

mean

analyses of the synoptic charts,
coastal wind data: (1)
southern

imagery and

fronts which penetrate the
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Fig. 3. Spectral energy density of the 40

and (b)
components for the

Hour Low Pass (a) alongshelf
cross-shelf wind

winter of 1984 at Santa Marta.

Brazil propagate from southwest to northeast in
the alongshore direction of the SBB;
2-day travel time to cross the SBB gives these

(2) a mean

systems an average speed of 500 km d'l; (3) in
the warm sector of the front, the mean wind speed
is 5m s_l, rotating counterclockwise from its
dominant northeast direction to northwest with
the front; and (4)
immediately after the passage of the cold front,
the wind blows from southwest in the cold sector
with a mean speed of 8 m s~1,
from southwest to northeast approxi-

approaching of the

rotating counter-
clockwise
mately 1 day after the passage of the front.

This information has been synthesized into a
conceptual model of wintertime cold fronts for
the SBB. The conceptual model is a time and space
dependent field, containing the
characteristics of the wind field associated
with the frontal _ passages. A

vector basic

schematic
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representation of such a model described above is
In the numerical experiments
the finite element model

shown in Figure 7.
described subsequently,
is forced by this vector field.

4, The Numerical Model

The model used in this investigation was
formulated by Wang and Connor [1975] and is a
one-layer barotropic, two-dimensional £ - plane

model which uses the finite element technique to
dynamical equations of motion. The
based on the

equations for the conservation of momentum and a

solve the
formulation is Navier-Stokes
continuity equation for the conservation of mass
of a fluid in rotation. The coordinate system is
Cartesian, has its origin at the ocean surface
and z axes pointing to east, north
and vertically upward, The bottom

function of the x and vy
fluid

constant

with the x, vy,
respectively.
topography is a
coordinates. The system consists of one

layer of density. The vertical

acceleration is neglected in the vertical

equation of momentum by the hydrostatic
approximation.

The following system of equations is obtained
by the vertical integration of the equations of
momentum and continuity from the bottom to the

free surface:

3Q,  uQ,  avQ an 1
— + +—y=-gH—+-('rwx+‘rbx)
at ax oy X P
+ £Q, + Fy
:lo} JuQ v an 1
Xy o gn — 4 - (T, + Tpy) (1)
Y Y
ot ox Yy 3% 0
- fo + Fy
an  3Q 3Q
_— _X + _Y =0
at 9% 3y
where Q. and Q, represent the integrated

transport per unit of width for the x and y
directions; u and v are the mean water column

velocity components, n 1is the free surface

anomaly,
the wind "stresses, 71, and

is the water density, Tyx and Twy are
Toy are the bottom
stresses, and Fy and Fy are the
internal stresses. The wind and bottom stresses
are both

formulations of the following forms

integrated

parameterized using quadratic

-> > -
Tw = PairCylVi0lY10 (2)
(1.1 + 0.053 Upq) x 1073 [Wang

and Connor, 1975) and U,
the wind speed 10 m above the surface;

where C, = x Upg

(meter per second) is
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Fig. 4.

1982,

A sequency of GOES-W IR
0017 UT to

Cb(u2 + vz)l/2 u

Cb(u2 + vz)l/2 v

10”3

[Hickey

and

(3)

Hamilton,

imagery for the period from July 18,
July 20, 1982 1216
cold front propagation in southeastern Brazil.

|
%

L §

UT, showing a typical wintertime

The following boundary conditions are used:
(1) a radiation condition at the north and south
boundaries normal to the coast [Orlanski, 1976},
(2) an adiabatic condition of no sea surface
elevation at the offshore boundary located at the
shelf break [Beardsley and Haidvogel, 1981], and
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Fig. 5. Surface synoptic charts for (a) July 19, 1982, 1200 UT and
(b) July 20, 1982, 1200 uT, for the southeastern Brazil. Low
(high) pressure centers are indicated by B (A) in the figures. Units
are hetoPascals, with the conventional meteorological use for

values

(3) normal flow equal to zero at the coastal

boundary.
5. Model Experiments

The region of interest was discretized using
the grid of linear triangular elements shown in
Figure 8; the bottom topography used in the model
is presented in The 25°Ss latitude is
used as the mean latitude in the model. The water
eddy
coefficients are set to P= 1025 kg m™3 and A =
5 x 102 m2 s'l, respectively. The
time step is At = 300 s.
the effects of
forced for 36 h from rest,

Figure 9.

density and horizontal viscosity

integration
In order to minimize
initialization, the model is
with a constant and

uniform northeast wind of 5 m s™1. A time ramp of

greater and smaller than 1000 hetoPascals.

2 h is also used to bring the wind speed from
zero to its 5 m s~! value at the beginning of the
integration. After the initial 36 h "warming up"
of the model, the conceptual model of the cold
front is then used to simulate the passage of a
After

one and a half more days of a constant
1

cold front which takes about 2 days time.
this,
5 m s~ a situation

wind field are integrated,

corresponding to the return of normal

undisturbed wind conditions.

5.1. Momentum Balance

With the wind stress forcing and the model

generated current velocities and sea surface

anomalies, the time series for each term of the

momentum equations were obtained for analysis. In
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Fig. 5. (continued)
TABLE 1. Statistics of Wintertime Cold Fronts for the SBB
Year Number of Mean Time Between Time to Propagate
(Winter) Fronts Consecutive Fronts, Through the SBB,
Days Days
1980 16 5.4 2.0
1981 11 6.9 2.1
1982 13 6.1 1.8
1983 13 6.2 1.9
1984%* 8 6.3 1.9
1985 13 6.6 1.8
* Results are anomalous due to missing data for the month
of August caused by problems in the satellite.
Figures 10, 11 and 12 these time series are characterized by a geostrophic balance for the
plotted for the grid nodes 47, 63, and 65 cross-shelf direction throughout the region. For
(Figure 8) located at the 25~, 77- and 127-m the alongshore direction, these plots indicate
isobaths, respectively. basically two distinct steady state dynamics: for
The analysis of these time series for the the inner shelf where depth is small, the bottom

first day and a half of integration, when the SBB
was still under constant wind conditions, reveals

that the steady state response of the region is

friction increases and in the limit will tend to
and for the
dynanmics

balance the alongshore wind stress;

mid and outer shelf, Ekman seems to
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flow with the Coriolis term

balancing the wind stress. An alongshore pressure

dominate the

gradient also seems to weakly contribute to this
alongshore balance.
integration,

After one and a half days of

Figures 10, 11 and 12 reveal the strong influence

of the frontal systems over the dynamics of the

region. The frontal passage brings about a
complete reversal in the flow and a local
acceleration which 1is more concentrated in the

alongshore direction for the inner and midshelf.
It is interesting to note that for the cross-
shelf most of the
character of the flow is still preserved during
front with the
changing together;

direction, geostrophic

the passage of the pressure
gradient and Coriolis fields
the cross-shelf wind stress produced by the front

tends to be cross-shore

balanced by a
acceleration of the flow.

Another interesting feature of these plots is
(T = 28 hours)

As expected,

the strong inertial oscillations
generated by the frontal passage.
increase in amplitude and

these oscillations

become more circularly polarized with increased
distance from the coast. The decaying time scale
of these waves is directly proportional to the
water depth, and seems to vary from 2 days for
the outer shelf to 1 day for the inner shelf.

In order to obtain a representative estimate
for the average value of each component in the
each component has been

momentum balance,

averaged over the whole period of integration.
The results obtained are presented in Tables 2
and 3.

Table 2 highly

geostrophic character of the momentum balance in

shows quite clearly the
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Fig. 7. A graphic representation of the
conceptual model of wintertime cold front
for southeast Brazil. The x and Yy axes
point to east and north, respectively.
the cross-shelf direction. For the alongshelf

direction, Table 3 shows that the wind stress,
Coriolis force, pressure gradient force, 1local
acceleration and bottom stress each should
contribute to the momentum balance. While
significant, the contribution of the bottom

stress to the momentum equation is not clear-cut.

The bottom stress, however, seems to be important

for the inner shelf, where the depth |is
generally small; for nodes 126 and 150, the
bottom stress is still important, despite the
relatively large depths (H=50m and 117 m,

respectively) since these nodes are located near

the coast in the coastal jet.

5.2. Vorticity Balance

In order to obtain a better understanding of
how the distributed and

balanced in the system, the model results and the

vorticity is being
wind stress forcing were used to calculate the

terms of the barotropic vorticity equation at

each time step [Csanady, 1984]:

9L 14 L14 an 9H on 9H 9n
— 4t u—+V—=nmf — =g —— - — —
ot X Iy at 9x dy y 9x
ATy 9Twx 3Tp 9Thx
=Ly 2= (4)
X oy X Ay

where T = BQY/BX - 9Q,/3y.

Figure 13 shows the time series plots for each

one of the terms of Equation (4) for different




Stech and Lorenzetti: South Brazil Bight Response to Winter Cold Fronts 9515
CA?os.TOME'
FLORIA<
NGPOLIS ™
cABO””
SANTA
MARTA
Fig. 8. Finite element grid for the South Brazil Bight. Number
of nodes = 299 and number of elements = 188.
nodes. The most conspicuous feature in these dissipation of vorticity 1is a very efficient
plots is that vorticity is primarily generated by mechanism for removing the vorticity generated by
the topographic term (Jacobian), that is, by the topographic stretching. Therefore for the inner
stretching of the vortex filaments by the shelf, a balance between the topographic
geostrophic flow crossing the 1isobaths. Even vorticity generation and bottom frictional
during the passage of the front, when the wind dissipation of vorticity dominates the flow. For
gains vorticity, a direct transfer of wind the mid and outer shelf, with only a minor
vorticity to the system seems to be only a contribution from the bottom friction vorticity

secondary mechanism of vorticity generation for
the flow. For the shallow region near the coast,
these results indicate that the bottom frictional
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Fig. 9. Bottom topography used in the
model. Contours in meters.

sink, the topographic vorticity is observed to

generate a large local time rate of change of
vorticity in the flow. The passage of the front
introduces an oscillation in the vorticity field

which has a time decay of a few days.

6. Discussion and Conclusions

The results obtained from the model indicate

that the basic set of equations which describe

the main mechanisms governing the wintertime
dynamics of this region are
For momentum
an
fQ, = g — (5)
Y 3%
3Q 3
Y n
—+fQ=—gH—+T - T (6)
3t X 3y wy by
For vorticity
3z 9H 9n 9H 3n N N
— = g(— — - — — ) + curlkrw - ecurlkrb (7)
ot 9x 9y 3y 9x
where € = 1 only in the inner and midshelf;

otherwise € = 0.
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Fig. 10. (a) Alongshelf and (b) cross-
shelf momentum balances at node 47 (
Figure. 8) for the cold front experiment.

Units are meters per second per second.
are a = local acceleration

(-fv and +fu

Abbreviations
term, c¢ = Coriolis term

for the cross-shelf and alongshelf

directions), p = pressure gradient term,

w = wind stress term, b = bottom stress.

The results presented in section 5.1 show that
the response of the SBB to the
wintertime cold fronts is quasi-geostrophic. For
such as the SBB
[1981)

passage of

a barotropically dominated shelf,
during the winter season, Klinck et al.
show that its low frequency response tao a moving

of wind stress is

71,

system quasi-geostrophic if
Y = Lg/Lg <
Lg = (gn)1/2/f.

response is dominated by inertial waves.

where Lg = usystem/f and

For the case where Y > ﬂ’l, the

Using typical values for the SBB,
Lg = 9.6 x 104 and Ly = 5.2 x 105, one gets
Lg/Lg = 0.18. This result indicates that the
disturbances of the SBB produced by typical
wintertime cold fronts should be guasi-

geostrophic and that they should move with the
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Figure 10

of these characteristics can be

simulations. The

storm. Both
observed in  the
oscillations observed after the passage of the

inertial

cold front in the simulations presented in this
paper should not be confused with the inertial
[1981],
are supposed to be found during the passage of

waves referred to by Klinck et al. which
the front. Their model results are not valid for
the decay of the currents after storm passage. A
simple model is presented below to explain the
origin of such observed inertial oscillations.

(6),
that the main momentum balance is very similar to

Equations (5) and however, also indicate
models for
[e.g., Gill
Therefore nonlocal effects

that presented in most analytical
wind-forced continental shelf waves
19747.

produced by the propagation of long waves should

and Schumann,

not be neglected. In other words, a part of the
subtidal

variability at a specific point of this region

changes in sea level and current
cannot be explained only by the local winds.
Chao [1981] showed that energy 1leaks in the

forward direction of shelf waves when the
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~0.5

Fig. 12.
node 65.

frequency of frontal passages is below the cutoff
frequency of shelf waves. For the SBB, the
frequency of frontal passages (2 /7 days) = 1075
s”1 nmeets that condition, being well in the
nondispersive region of shelf waves. Therefore
the nonlocal effects should be expected. Castro
Filho [1985] showed that for the SBB, the low-
frequency coastal sea level fluctuations observed
at one point are better correlated with the winds
located to the south of it and at earlier times.
These results also give some indication of the
importance of remote forcing for the SBB.

For the inner and midshelf regions, the
vorticity balance analysis shows that the main
mechanism for vorticity generation is the
topographic stretching term, with contributions
from bottom friction dissipation of vorticity
for the shallow nodes and.local vorticity changes
for the midshelf region. 2Analogous to the
dynamics of shelf waves, wind vorticity does not
seem important for these regions. For the outer
shelf, where the Ekman dynamics seem to dominate
the flow, wind vorticity is seen to be of
importance, especially during the passage of cold
fronts.

It is evident from Figures 10 to 12 (and
others not presented herein) that a strong
inertial signal is generated after the passage of
the front. Also, the magnitude of this signal is

TIME (DAYS) strongly amplified with increasing water depth.
As in Figure 10 except for Pollard and Millard [1970) show that the
generation of inertial waves by winds can occur
TABLE 2. Time Mean of the Cross-Shelf Momentum Equation Terms
Terms Local Advection Coriolis Pressure Wind Bottom Eddy
Nodes Accel- Stress Stress Viscos-
(Depth) eration ity
47(25) 0.33 0.22 ~27.68 -21.12 -4.00 -0.58 -0.10
63(77) 0.12 0.05 -7.70 -6.70 -1.26 -0.05 ~-0.02
126 (50) -0.04 0.23 ~42.00 -39.70 -1.57 -0.16 0.23
138(123) -0.48 0.11 ~17.58 -17.85 0.49 -0.02 0.03
150(117) 0.08 -0.13 -32.60 -33.04 1.48 -0.15 0.10
151(136) 0.52 0.60 ~-26.52 -26.15 0.70 -0.45 -0.45
values are x 1077 m s~2.

TABLE 3. Time Mean of the Alongshelf Momentum Equation Terms

Terms Local Advection Coriolis Pressure Wind Bottom Eddy
Nodes Accel- Stress Stress Viscos-
(Depth) eration ity
47(25) -1.63 0.22 -5.37 1.16 -11.78 2.91 Q.13
63(77) -0.44 0.03 -2.57 0.55 -3.73 0.0% -0.10
126 (50) -3.18 0.06 =-5.17 -7.31 -5.89 4.12 0.37
138(123) -0.91 0.04 -0.85 -0.21 -2.10 0.42 0.11
150(117) -1.67 0.05 -5.18 -5.69 ~-2.13 1.29 -0.41
151(136) -1.47 0.24 -1.42 ~1.63 -2.14 0.81 -0.01

-2

Values are x 10~/ m s™2.
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Fig. 13. Vorticity balance at nodes 47,

63 and 65 for the cold front experiment.
Units are meters per second per second.
rate of

b =

Abbreviations are a = local
change, J = Jacobian, w = wind curl,
and a, advectives

curl, ay y

bottom stress

terms.

different circumstances. First, an
inertially rotating wind vector would generate
an inertial current with continously increasing

A second

in three

amplitude in a resonant situation.

possibility is a strong wind blowing in one
which could not be

A third

direction for a limited time,

greater than half the inertial period.
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case would be a strong wind combined with a
shift in
inertial waves generated by impulsive

by Gonella

fairly sudden direction. Theoretical
models of
winds are discussed, for example,
[1971] and Millot and Crépon [1981].
As may be inferred fro Figure 7, the passage
of the frontal system introduces a rotation in
the wind vector in the same direction of rotation
expected for an inertial motion in the southern
hemisphere (i.e., counterclockwise). Now Figure 7
shows that in the frontal system, the wind goes
750 km. With a

this gives a period of T

through a turn in
velocity of 500 km/d,
= 1.5 days for a complete wind rotation; or an
of W = 2q/T = 0.49 x 10”4 s71,
which is very near the inertial frequency of the

system f = -0.62 x 1074 s~1,

complete

angular frequency

It seems therefore a
natural assumption to speculate about a
mechanism between the and the
mode of the system as one of the

described by Pollard and Millard

quite
resonance wind
inertial
possibilities
[1970].

In order to verify the resonance hypothesis,
consider the vertically integrated, linearized
momentum equations where the pressure gradient is
neglected and the bottom friction is parameter-
The

ized proportional to the water velocity.

following set of equations results:

Ju T ru
wX
— - fv = ( ) - ) (8)
ot pH pH
v T rv
w
— 4 fu = () - (—) (9)
at pH pH
Multiplying equation (9) by i = (-1)1/2 and

adding to egquation (8) one gets
v r T(t)
— + ifV + (—)V = —— (10)
at PH pH

where V 1is the vertical mean velocity of the

water column (= u + iv), T the wind stress vector

(= 14 + iTy), r the bottom friction coefficient
and H water depth.
Assuming that T = ael®t ang that v = Voeiwt,

the solution of egquation (10) is

v(t) (/20 [i(wt + B)] (11)
= exp[i(wt +
((w+ £)2 + (r/m)?2)1/2
where
-1 (x/H)
B = - - tan [- (12)
2 (w+ f)

This solution shows that resonance can occur

if w+ f = 0 and the bottom friction is small.
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TABLE 4. Examples of Solutions for (11) Calculated Using Typical
Values Generated by the Model
H, v, T r |vit)] |v(t) | |vet) | B
cm cm/s £<0 £>0 f<0, w=0
2500 10.0 2.3x1072 2.3x1072 12.6 1.8 3.2 550
7700 5.0 5.8x10 2 1.2x1072 5.0 0.6 1.1 81°
12500 3.5 2.8x1072 8.0x1073 3.0 0.4 0.7 87°

The (w+ f) term only will tend to zero for the

southern hemisphere (f < 0) if w > 0, a situation

of counterclockwise and

lwl = £

rotation of the wind,
Using typical values of velocity and
bottom stress taken from the momentum balance
(Figures 10, 11 and 12) for nodes 47, 63, and 65,
the following table shows the magnitude of the
6 and 7) (last
(12) for different

velocity (columns 5, and phase

column) as given by (11) and
conditions.
column 5

As observed in of Table 4, the

velocity values given by the resonance theory

compares well to the model results (column 2).
For the same forcing in the northern hemisphere,

column 6 shows very small velocity values. For

stationary wind, column 7 gives the theoretical
the
psedicted values are substantially smaller than
by the model. Therefore it
that might be in

given the small difference between the

values for the southern hemisphere. Again,

those given seems
quite possible resonance
present,
wind frequency and the inertial mode.

It is interesting to note the reduction of the
with
the increase in bottom stress as the coast is
(last Table 4). This
solution indicates that near the coast, a balance
and the

dominate the flow with a current flowing in the

phase lag between the wind and the current,

approached column in

between the wind bottom stress might
direction of the wind with almost no phase lag.

For the outer shelf, the solution indicates a
phase lag of 90° typical of an Ekman balance.
Both results agree with the previous analysis of
the momentum balance.

For the narrower continental shelf region of
the SBB to the the

momentum and vorticity balances are very similar

north of S&o Sebastiao,
to those presented for the wider region to the
found to be

simulations for this northern

south. Inertial waves were also

present in model
One important difference between these
that in the
due to smaller
the current field from the middle to

the outer shelf regions

sector.

two domains is northern part,

probably its cross-shelf
dimension,
is more intense than in
the southern sector.

It should be that the

extending from Cabo Frio to the northern boundary

noted for region

of the model domain, the conceptual cold front
model may not sometimes represent adequately the
wind characteristics of the region. For example,
part of the cold fronts deviates offshore before
that do reach

only

reaching Cabo Frio. Some fronts
Cabo Frio are already weakened, presenting
weak winds blowing from the southern guadrant.
Therefore the results obtained for this region
should be

mind.

accepted with these restrictions in
Finally, it should be said that some care

must be exercised with regard to the results
presented for the region near the shelf break,
since in this region the Brazil Current plays an
the

baroclinic

important role in circulation, with an

‘field of
accounted for in the model.
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