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The north Brazil undercurrent and the wind driven hydrodynamics in 
Japaratuba submarine canyon, Brazil

The circulation induced by the wind and the North Brazil Undercurrent (NBU) in and surrounding the 
Japaratuba submarine canyon on the continental shelf of the basin of Sergipe and Alagoas is described using 
numerical modeling. The numerical simulations were implemented to determine the canyon influence in the 
local hydrodynamics and in the volume flow normal to the coast, considering several different scenarios, 
including a homogeneous and stratified fields of temperature and salinity. Northeast and East winds favor an 
upward flow in the canyon, while Southeast and South winds privilege subsidence. Winds parallel to the coast 
cause greater volume flow in the canyon section: 40° winds (relative to true the North, parallel to the coast) 
caused the highest upward flow, while winds from 215° to 220° caused the highest subsidence. On the other 
hand, the NBU favors subsidence motion and seems to predominate over the wind forcing.
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INTRODUCTION
Sergipe and Alagoas are two states located in the 

northeast Brazil region bathed by the Atlantic Ocean 
at relatively low latitudes, between 9ºS and 11º30’S 
(Figure 1). Their continental shelf (SEALCS) extends for 
370 km, with an orientation of approximately 40º clock-
wise relative to the geographic North, and is a narrow re-
gion, with a width varying from 18 km in the south, to 42 
km, in front of Maceio (Coutinho, 1976; Summerhayes et 
al., 1976). At the slope of the Sergipe-Alagoas margin runs 
the North Brazil Undercurrent, a western boundary current 
that transports more than 20 Sv in the first 1000 m, and 
with a core at subsurface levels, between 100 and 200 m 
deep (Silveira et al., 1994; Stramma et al., 1995).

The SEALCS is relatively shallow, rarely exceeding 
50 m of depth, and is characterized by the presence of the 
Sao Francisco river, dividing the states, and the presence 
of the Sao Francisco and Japaratuba submarine canyons, 
crossing normally the platform and the slope. The currents 
over the shelf are driven during most of the time by the 
winds, with the Sao Francisco river discharge and tides 
playing a relatively small role (Parente, 2016).

The Sao Francisco canyon is located close to the river 
of the same name, with an entrance of 11 km wide and 700 
m deep, starting from the 15 m isobath. The Japaratuba 
canyon is located south of the Sao Francisco canyon, 
close to the Sergipe river, with an entrance of 21 km and 
depths that reach more than 1400 m, from the 30 m isobath 
(Coutinho, 1976; Summerhayes et al., 1976). Figure 1 
shows the locations of the canyons and the Sao Francisco 
river.
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Figure 1. The Sergipe and Alagoas Continental Shelf with the 50, 
1000 and 2000 m isobaths. The locations of the Japaratuba and Sao 
Francisco submarine canyons, the river discharge locations, the Sao 
Francisco, Vaza Barris and Sergipe rivers, and the location of the 
PCM-9 platform are also represented.

Basically, in continental shelf regions, the currents 
are predominantly parallel to the coast. Because they are 
mainly in geostrophic equilibrium, they tend to follow iso-
baths, being able to cross smooth variations of bathymetry. 
This prevents large flows perpendicular to the coast, be-
tween the continental shelf and the deep ocean (Freeland 
and Denman, 1982; Sobarzo et al., 2001; Skliris et al., 
2002; Song and Chao, 2004). However, when the currents 
approach narrow canyons, the flow crosses isobaths and 
the column stretches, altering the vorticity. In this situa-
tion, the free surface of the ocean rises and produces pres-
sure gradient in the canyon, which induces water flow 
along its axis. Thus, the pressure gradient in the canyon is 
not balanced by the Coriolis force and the circulation is no 
longer geostrophic (Freeland and Denman, 1982; Klinck, 
1988, 1996; Allen, 1996; She and Klinck, 2000).

When it ceases to be geostrophic, the circulation pres-
ents acceleration, which can only be balanced by the fric-
tion and will cause flows perpendicular to the coast along 
the axis of the canyon, leading to subsidence or resurgence 
(Freeland and Denman, 1982; Allen et al., 2001). Thus, 
the topography of submarine canyons makes them pref-
erential paths of mass exchange between the continental 
shelf and the deep ocean.

For instance, Hamilton et al. (2015) concluded, 
by numerical simulation, that in the De Soto Canyon, 
in the Gulf of Mexico, there is a mass transport cross-
ing isobaths, with mass export from the canyon larger 
than the import. Ahumada-Sempoal et al. (2015) studied 

water and particles transport in the Canyons of Balnes 
(Mediterranean Sea) using climatological simulation, 
and concluded that the mass export from the continental 
shelf to the slope is 3 times greater than the import, and 
the transport along the isobaths is one order of magnitude 
greater in the canyon than in adjacent regions.

Skliris et al. (2002) carried out simulations for the 
Calvi canyon, in Corsica (Mediterranean Sea), for differ-
ent stratification regimes and wind patterns. These authors 
concluded that the transport along the canyon is reduced 
under conditions of greater stratification and that the wind 
strongly influences the cross–shore transport. Rennie et al. 
(2009) have shown that in the canyon of Perth (Australia) 
there is a recurrent formation of cyclonic and anti-cyclonic 
vortices within the canyon and that the resurgence in it 
was more intense than at any other site on the continental 
shelf.

Canyons also affect local circulation and hydrody-
namic conditions, as well as being regions that can in-
crease productivity (Madron, 1994; Bosley et al., 2004; 
Skliris et al., 2004; Rennie et al., 2009).

In situ data, laboratory experiments and results from 
numerical models suggest that the direction of the currents 
parallel to the coast determines if the canyon favors condi-
tions of resurgence or subsidence (Freeland and Denman, 
1982; Hickey et al., 1986; Klinck, 1988, 1996; She and 
Klinck, 2000; Skliris et al., 2002; Bosley et al., 2004; Jordi 
et al., 2005; Palanques et al., 2005; Rennie et al., 2009).

Generally, flows that are parallel to the coast but in the 
opposite direction of the Kelvin Waves propagation are as-
sociated with upwelling processes (upward and towards 
the coast) and flows that are in the same direction as the 
propagation of Kelvin waves favor downwelling process-
es (downward flow and towards the ocean) (Klinck, 1996; 
Hickey, 1997; Ardhuin et al., 1999; She and Klinck, 2000; 
Allen et al., 2001; Allen and Madron, 2009). Basically, up-
welling processes are associated with a decrease in the sea 
level at the coast, creating a barotropic pressure gradient 
towards the coast and the canyon enhances this dynamics. 
Subsidence processes occur in opposite conditions, i.e., an 
increase in the sea level at the coast with a consequent 
pressure gradient towards offshore.

Several studies coincide with this pattern, such as 
those performed in the canyons of Grand-Rhône (France) 
(Madron, 1994), Blanes (Spain) (Granata et al., 1999), 
Barkley (USA) (Allen et al., 2001), Biobío (Chile) 
(Sobarzo et al., 2001), Calvi (France) (Skliris et al., 2002), 
Astoria (USA) (Bosley et al., 2004) and Palamós (Spain) 
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(Jordi et al., 2005). Numerical simulations also find 
the same behavior, like in the studies of Astoria (USA) 
(Hickey, 1997; She and Klinck, 2000), Blanes (Spain) 
(Ardhuin et al., 1999; Allen et al., 2001), Calvi (France) 
(Skliris et al., 2004) and Perth (Australia) (Rennie et al., 
2009).

In this way, we can say that for the Southern 
Hemisphere, flows that leave the coast to its left would 
favor subsidence, while flows with the coast to its right, 
upward motion processes.

Therefore, similar to these studies, it is expected that 
these canyons promote some impact over the hydrody-
namics of the SEALCS, mainly regarding the exchange 
of mass between the continental shelf and the deep ocean 
at the Japaratuba canyon, due its dimensions both hori-
zontal and vertical. Thus, this work intends to describe, 
through numerical modeling, how the circulation within 
the Japaratuba canyon is affected by the winds and the 
flow of the North Brazil Undercurrent (NBU).

In the next section the numerical model and the data 
used are described. Section 3 presents the results followed 
by a discussion in Section 4. Finally, concluding remarks 
are presented in Section 5.

MATERIAL AND METHODS
Numerical model

The hydrostatic model of primitive equations Estuarine 
and Coastal Ocean Model (ECOM), derived from the 

Princeton Ocean Model (POM) (Blumberg and Mellor, 1987), 
was used in this work, in the shallow water module (Blumberg 
et al., 1999). This is a free surface and vertical sigma coordi-
nate model with Arakawa C-grid discretization scheme.

The grid is regular and tilted in order to align with 
the coastline direction and uses 50 points perpendicular 
to the coast by 150 points parallel to the coast, with 30 
sigma levels, equally spaced. The horizontal resolution 
is about 2.1 km in the cross–shore direction, and 2.7 km 
alongshore, between the latitudes of 9oS and 12.2oS, and 
between the longitudes of 34.6oW and 37.5oW (Figure 2).

Since the purpose of the simulations is to evaluate the 
influence of each forcing (the NBU and wind currents) 
separately and their interactions, 3 different types of simu-
lations were performed. The first set of simulations were 
forced only by the wind stress. In this case, the tempera-
ture and salinity fields are homogeneous over the whole 
domain and constant in time, both as initial and boundary 
conditions, with temperature of 27oC and salinity of 37. 
Also, the radiative boundary condition of Reid and Bodine 
(1968) is applied. A second set of experiments used strati-
fied temperature and salinity initial conditions, as well as 
the sea-level, velocity, temperature and salinity prescribed 
at the boundaries. In this case, only the NBU is created. 
Finally, a third set of simulations included the wind stress 
at the surface, and stratified fields of temperature and sa-
linity, so the NBU and the wind forcing interact.

It is important to mention that all simulations were 
warmed-up for 15 days, a period that was not analyzed, 

Figure 2. Domain of the numerical model with the local bathymetry. The dashed lines indicate the 3 sections near the Japaratuba canyon, one 
parallel to the coast and 2 others at the south and north borders of the canyon, in the cross-shore direction.
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Figure 3. Wind rose representing the time series of the wind from 
March 9, 2012 until December 12, 2014, in the oil platform PCM-9. 
The wind velocity is in m.s-1. The wind rose was created using the 
original data without any filtering process.

and run for more 30 days, performing a total of 45 days 
of integration. The 15-day warm-up period was enough 
to have the dynamics fully developed, since all simula-
tions presented a period of about 12 days to stabilize the 
mechanic energy in the domain. More details about the 
set–up for the simulations as well as the model validation 
are in Parente  (2016).

Data
The Regional Characterization Project of the Sergipe–

Alagoas basin (PCR-SEAL), funded by PETROBRAS, 
the Brazilian oil company, provided hourly wind records 
that were used to run the simulations. These time series 
were obtained with a Young Meteorological Station at the 
oil platform PCM-9 (Figure 1), located at 10o59’12’’S and 
36o56’53’’W, between March 9, 2012 and December 31, 
2014. The wind directions presented in Figure 3 show that 
the wind comes mainly from the east and southeast direc-
tions, but with a direction range that varies from south to 
northeast directions.

The National Centers for Environmental Prediction 
(NCEP) provided the wind data set (CFSV2; Saha et al., 
2014) used to run more realistic simulations for the months 
of March, July and September 2014. The 6-hour interval 
time series were used to run the simulations by interpolat-
ing the CFSV2 wind to the grid of the model. These spe-
cific months were chosen because a previous validation 
of these periods were performed for the continental shelf 
with good agreement by Parente (2016). Also, these dif-
ferent months provide a good wind variability. These data 
sets can be downloaded at http://www.ncep.noaa.gov/.

The local bathymetry was obtained through digi-
tized nautical charts provided by the Hydrographic and 
Navigation Department (DHN) of the Brazilian Navy and 
are also described in Parente (2016).

Finally, the monthly average temperature and salinity 
fields used as initial and boundary conditions and current 
at the boundaries were obtained from the Mercator global 
simulations (Lellouche et al., 2016).  The main reason to 
use these data sets instead of climatological records is 
to make the interior of the domain compatible with the 
boundaries, avoiding inconsistencies or discontinuities 
during the simulations.

Simulated scenarios
Initially, constant spatial and temporal winds from 

Northeast, East, Southeast and South directions in homo-
geneous temperature and salinity fields simulations were 
performed. These wind directions are chosen for being the 
extreme (NE and S) and the most common ones (E and 
SE). The second set of simulations kept the same wind 
directions, but in stratified fields of temperature and salin-
ity from the Mercator output average of September 2014. 
A single simulation with null wind fields and temperature 
and salinity stratification from September 2014 was also 
performed, followed by simulations of reanalysis winds 
and stratified fields of temperature and salinity for the 
months of March, July and September of 2014. These sce-
narios are presented in Table 1.

Three different sections are used to analyze the results 
(Figure 2). The first section is parallel to the coast and rep-
resents the section of the Japaratuba canyon where calcu-
lations were made to estimate the volume flow of water 
exchanged between the canyon and the deep ocean. The 
other two sections are perpendicular to the coast, one to 
the south of the canyon and another to its north, and were 
made to better describe the circulation around the canyon.

The volume flow (Q) in the parallel section to the 
coast was estimated by computing the integral of the per-
pendicular velocity over the are of the section.

Since the focus is on the volume flow that leaves 
or enters the canyon, only depths greater than 50 m are 
considered in this calculation, so the currents at the conti-
nental shelf are not accounted for. Negative values of per-
pendicular velocity and volume flow mean movements to-
ward the canyon, or upward motion, while positive values 
indicate a canyon flow towards the open ocean, or subsid-
ence. Upward motion is used as the opposite meaning of 
subsidence motion, to avoid the use of the term upwelling, 
since upwelling is not observed in the region.

http://www.ncep.noaa.gov/
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Simulation name Wind Temperature and salinity fields

C1 Constant from NE homogeneous

C2 Constant from E homogeneous

C3 Constant from SE homogeneous

C4 Constant from S homogeneous

C5 Constant from NE September

C6 Constant from E September

C7 Constant from SE September

C8 Constant from S September

NW Absent September

R1 March March

R2 July July

R3 September September

Table 1. Description of the scenarios simulated. For constant winds, the intensity is set to 6.5 m.s-1, the average wind speed 
obtained at PCM-9 station (Figure 3). The month indicates the wind time series used, with a temporal resolution of 6 hours, 
and/or the monthly average fields of temperature and salinity from Mercator, in the year of 2014.

RESULTS
The circulation in experiments C1 and C2 (constant 

winds from NE and E with homogeneous temperature and 
salinity fields), around and within the Japaratuba canyon, 
is quite similar. Therefore, for simplicity, the descrip-
tions and figures presented will be only for Northeast 
wind. Similarly, experiments C3 and C4, (constant winds 
from SE and S with homogeneous temperature and salin-
ity fields) will be discussed in terms of experiment C3 
(Southeast winds).

Constant Northeast winds in homogeneous tempera-
ture and salinity fields (experiment C1 - Figure 4) pro-
motes currents in the continental shelf region preferably 
towards southwest, ranging from 4 to 18 cm.s-1. In the con-
tinental slope, the current also occurs preferably towards 
Southwest, but not exceeding 6 cm.s-1 (Figure 5). At the 
open ocean, the currents are preferentially to Northeast 
and under 3 cm.s-1. The major differences between experi-
ments C1 and C2 occur in the intensity of the currents, 
which are slightly larger for Northeast winds. In these 
wind conditions, the flow along the continental slope is 
Southwestward, and water enters the canyon by the north-
ernmost border (Figure 6), and rotates counterclockwise 
(anti-cyclonic in the Southern Hemisphere) within the 
canyon. A portion of this flow leaves the canyon through 
the southernmost border and a portion follows toward the 
head of the canyon.

In the vertical section of the canyon parallel to the 
coast (Figure 7), we can see that the volume flow occurs 
both from deep waters going toward the coast (negative 

values, Northern border) and from the coast towards the 
deep ocean (positive values, Southern border). The aver-
age flow in the entrance of the canyon is negative, show-
ing a net flux of waters entering the canyon.

For Southeast winds (experiment C3), currents on the 
continental shelf are preferentially to Southwest, varying 
from 3 to 10 cm.s-1. At the slope (Figures 8 and 9), the 
currents are preferably to Northeast, under 3 cm.s-1. At the 
deep ocean, the currents flow preferentially to South and 
Southwest up to 100 m deep, and to East and Northeast 
below that depth, not exceeding 2 cm.s-1. At surface levels, 
a cyclonic gyre is established close to the head of the can-
yon, with a maximum intensity of 10 cm.s-1 (Figure 10) for 
Southeast winds. This pattern is weakened inside the can-
yon, with the flow entering it at the southernmost border, 
and leaving it at the northernmost border (Figure 11). The 
total volume flow in the canyon section for experiment C3 
is positive, which means that the flow is from the canyon 
towards the open ocean.

Figure 12 illustrates the volume flow in the vertical 
section of the Japaratuba canyon calculated every 50 m. 
For Northeast and East constant winds, there is a pre-
dominance of negative flows (upward motion), while for 
Southeast and South winds the predominance are of posi-
tive flows (subsidence motion). Therefore, between the 
Northeast and Southeast wind directions there is an inver-
sion in the net volume flow in the section of the canyon.

Several other experiments were performed to find this 
angle of inversion or, in other words, the wind incidence 
angle at which the canyon changes from net exporter to 
net importer of water in homogeneous temperature and 
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Figure 4. The velocity vectors at the depths of 10, 100, 200 and 300 meters (panels A, B, C and D, respectively), considering Northeast wind as 
forcing.

Figure 5. Velocity parallel to the coast at the South (panel A) and the North (panel B) of the Japaratuba canyon (North and South sections from 
Figure 2), for simulations with NE winds. Positive velocity going to NE and negative velocity going to SW 

salinity fields. These simulations are not presented since 
they do not add more information about the canyon circu-
lation. In any case, there is an inversion of the signal of the 
volume flow in the canyon for winds with angles between 
120º and 125º in relation to the true North. Incident winds 
with angles smaller than 120º creates a negative flow in 
the canyon, favoring upward motion processes, whereas 
for winds with an angle of incidence greater than 125º 
relative to the true North, the flow is positive and subsid-
ence is promoted.

It is also possible to observe that the wind direction 
that presented the most negative flow was 40º, which is the 
approximate orientation angle of the coast in the region. In 
addition, the wind direction that presented the most posi-
tive flow were between 215º and 220º, which are almost 
in the opposite direction of the former. Basically, winds 
parallel to the coast generate the strongest flows in the 
canyon.
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Figure 6. The velocity vectors near the Japaratuba canyon (between North and South sections from Figure 2) at the depths of 10, 100, 200 and 
300 meters (panels A, B, C and D, respectively) for Northeast Wind simulation and homogeneous temperature and salinity fields (experiment C1).

Figure 7. The velocity component perpendicular to the coast at the vertical section of the canyon (positive values indicate subsidence, negative 
values indicate upward motion) for Northeast wind simulation for homogeneous temperature and salinity fields (experiment C1).

When only the temperature and salinity fields from 
Mercator are applied, the simulations take about 12 days 
to stabilize. The NBU can be observed when the tempera-
ture and salinity fields of March, June and September 2014 
are applied. Specifically, the conditions of September 
2014 created a NBU that resembles more the classical 

description of this western boundary current in Silveira 
et al. (1994) and Stramma et al. (1995), with a core be-
tween 150 and 200 m of depth, maximum northeastward 
currents with velocities around 1 m.s-1 or slightly smaller 
and a total transport of about 20 Sv. Therefore, and also for 
simplicity, the interaction between the motion generated 
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Figure 8. The velocity vectors at the depths of 10, 100, 200 and 300 meters (panels A, B, C and D, respectively), considering Southeast winds as 
forcing.

Figure 9. Velocity parallel to the South (panel A) and to the North (panel B) of the Japaratuba canyon (North and South sections from Figure 2), for 
simulations with SE winds. Positive velocity going to NE and negative velocity going to SW.

by constant wind forcing and the NBU (experiments C5 to 
C8) will be described in terms of the September 2014 tem-
perature and salinity conditions. For the same reasons, the 
analysis of the circulation generated in the canyon by the 
NBU alone (experiment NW) will be done in terms of the 
September 2014 conditions as well.

Starting with experiment NW, at the shelf and in a small 
portion at the slope, currents are southwestward, while at the 
open ocean, they are northeastward. At the open ocean face of 
the the canyon, there is a flow from the canyon towards the 
deep ocean at most of the canyon, except at its center from the 
surface up to about 300 m of depth (Figure 13). The vertical 
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Figure 10. Circulation around Japaratuba canyon at depths (between North and South sections from Figure 2) 10, 100, 200 and 300 meters (panels 
A, B, C and D, respectively), for Southeast winds simulation.

Figure 11. Velocity perpendicular to the vertical section of the canyon (positive values indicate subsidence, negative values indicate downward 
motion) for southeast simulation.

variability of the transport integrated every 50 m over the cor-
responding area shows a net flow towards the open ocean for 
all depths (Figure 14), being relatively strong near the sur-
face, very weak between 50 and 200 m of depth, relatively 
strong between 250 and 750 m of depth, and almost null at 
depths of 800 m and deeper. Therefore, the NBU promotes 
a net transport of water from the canyon towards the open 
ocean, which creates a subsidence process at the upper face 
of the canyon.

When Northeast and East constant winds are intro-
duced, the water mass exchange between the canyon and 
the open ocean changes. While for experiment NW the 
flow is towards the open ocean at all depths, for experi-
ments C5 (Northeast winds) and C6 (East winds), the sur-
face flow becomes slightly negative up to 100 m of depth, 
and the flow towards the open ocean is intensified between 
100 and 500 m. Experiments C5 and C6 show very sim-
ilar results in terms of the observed values as well. For 
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Figure 12. Volume flow perpendicular to the section of Japaratuba canyon (positive values indicate subsidence, negative values indicate upward 
motion), for NE, E, SE and S winds simulations and homogeneous temperature and salinity fields (experiments C1 to C4), integrated every 50m.

Figure 13. Velocity perpendicular to the vertical section of the canyon (positive values indicate subsidence, negative values indicate downward 
motion) for the simulation without wind (experiment NW).

experiment C7 (Southeast winds), the offshore transport 
is very close to what is observed in experiment NW. For 
experiment C8 (South winds), there is a strong intensifica-
tion of the flow towards the open ocean up to 200 m of 
depth, and a weakening of it below that depth when com-
pared to the NW experiment.

The net water mass transport between the canyon 
and the open ocean for experiments C5 to C8 and experi-
ment NW is presented in Table 2. These results show that 
Northeast and East winds (experiments C5 and C6) en-
hances the exportation of water from the canyon to the  

open ocean, when compared to a scenario with no wind 
forcing (experiment NW), whilst winds from Southeast 
and South (experiments C7 and C8) act in the opposite 
direction, weakening the net water mass transport. In 
all simulations, however, the net water mass transport is 
positive, with water exiting the canyon towards the open 
ocean.

Experiment R1, with reanalysis winds and stratified 
temperature and salinity fields for March 2014, presents 
a net transport from the canyon towards the open ocean 
during all the time. There is, however, a strong temporal 
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Table 2. Transport of the water mass at integrated over the 
canyon cross section.

Experiment Offshore net transport (106 m3.s-1)

NW 1.26

C5 1.60

C6 1.48

C7 1.15

C8 1.02

Figure 14. Volume flow perpendicular to the section of Japaratuba canyon (positive values indicate subsidence, negative values indicate upward 
motion), for NE, E, SE and S winds simulations (experiments C5 to C8) and without wind (experiment NW) with stratified temperature and salinity 
fields, integrated every 50 m.

variability in this transport (Figure 15). During the period 
of transport decrease, between days 3 and 6 and days 10 
to 16, the winds are mainly from East and Southeast (in-
cidence angles greater than 90°), while during the period 
of transport increase, between days 6 and 10, the winds 
are mainly from Northeast (incidence angles smaller than 
90°). Experiment R2 (similar to R1, but for the month of 
July - Figure 16) presents a period with a net transport 
from the open ocean towards the canyon, from day 1 to 
day 11, and positive for the rest of the simulation. During 
the negative transport period, winds are mainly from 
Southeast. Finally, experiment R3 (similar to R1, but for 
the month of September - Figure 17) shows a positive net 
transport during all the simulation period, with some oscil-
lations, but increasing in the average from the beginning 
until the end. The wind incidence angle are, mainly, from 
East and Southeast during this period.

DISCUSSION
Northeast and East winds alone, in homogeneous tem-

perature and salinity fields, favor upward motion, whereas 

Southeast and South winds, subsidence. The local ob-
served winds (Figure 3) show that the most common wind 
varies from East to Southeast directions and, therefore, the 
wind forcing is capable of producing both vertical mo-
tions. For upward winds, the current over the continental 
shelf and near the slope are predominantly southwestward, 
reaching up to 0.20 m.s-1, being more intense for Northeast 
winds. For subsidence winds, currents are basically in the 
opposite direction, reaching values up to 0.10 m.s-1.

Winds parallel to the coast are the most effective in 
enhancing subsidence and resurgence motion. It is also 
possible to classify that winds with incidence angle higher 
than 125º in relation to the true North, for this region, fa-
vor subsidence in the Japaratuba canyon, while incidence 
angles smaller than 120º, resurgence motion. Similarly, 
the flow of the NBU promotes subsidence motion. As in 
other studies (Madron, 1994; Allen, 1996; Klinck, 1996; 
Granata et al., 1999; She and Klinck, 2000;  Bosley et al., 
2004; Jordi et al., 2005), the formation of closed vorti-
ces in the canyon is observed, both cyclonic, for upward 
winds, and anti-cyclonic, for subsidence winds, mainly 
near the surface.

The NBU, on the other hand, acts in the sense of pro-
ducing subsidence motion at all depths. Therefore, there 
are some situations when the NBU and the winds force 
opposite motions, while one induces subsidence, the other 
could try to promote resurgence. As a net result of these 
forcings, usually predominates the action of the NBU, and 
the Japaratuba canyon is mainly an exporter of water to 
the open ocean.
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Figure 15. Incidence angle of average wind (a), Volume flow in the canyon section (b), intensity of average wind (c), and the wind rose (d), in the 
simulation for March 2014 (experiment R1).

Figure 16. Incidence angle of average wind (a), Volume flow in the canyon section (b), intensity of average wind (c), and the wind rose (d), in the 
simulation for July 2014 (experiment R2).

Nevertheless, it is not possible to affirm that this can-
yon is always behaving in this sense. The sensitive experi-
ments C5 to C8 show that the vertical structure of water 
exchange is considerably changed due to the wind action, 
promoting a net transport of water from the open ocean 
to the canyon near the surface. Even more striking is ex-
periment R2, with winds from reanalysis, showing that, 
depending on the winds and the temperature and salinity 
structure, the net transport can be completely reversed, 
with water from the deep ocean entering the canyon. It 
seems that the wind intensity and direction plays a major 
role in this process and the sensitive experiments (C5 to 
C8) could not capture a complete reversal of the transport 

because more intense winds were not applied, which is not 
the case of experiment R2. I any case, even when the net 
transport is positive (towards the open ocean), the wind is 
capable of promoting a substantial variability.

CONCLUSION
The present work has shown that the topography of 

the region (presence of the Japaratuba canyon) affects the 
circulation of the region and the volume flow between the 
open ocean and the continental shelf. It was shown that 
in all scenarios the circulation is preferably parallel to the 
coast (NE or SW direction, following the bathymetry), ex-
cept in the canyon region, where cyclonic or anti-cyclonic 
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Figure 17. Incidence angle of average wind (a), Volume flow in the canyon section (b), intensity of average wind (c), and the wind rose (d), in the 
simulation for September 2014 (experiment R3).

circulation occurs throughout the entire canyon, or perpen-
dicular to the coast. This motion within the canyon allows 
a volume flow that crosses isobaths in both directions.

The influence of the NBU, acting to transfer water from 
the canyon to the deep ocean, is more relevant than the wind 
action, that can promote motion in both directions. However, 
the circulation in the canyon, as well as the water mass ex-
change between the canyon and the deep ocean, cannot be 
analyzed by the effects of the NBU alone, not only in terms 
of the vertical structure, but also in terms of the net water 
mass exchange between these 2 compartments. Although the 
Japaratuba canyon seems to behave most of the time as a water 
export to the deep ocean, this flow can be reversed depending 
on the winds and the temperature and salinity structure. Also, 
the winds promote a stronger variability in the water mass 
exchange between the canyon and the deep ocean near the 
surface, but its influence can be noticed in all water column.

Other forcings, like the tides and the river discharge, 
were not analyzed in this work, but it is expected that their 
influence is very limited and not as important as the influ-
ence of the winds and the NBU. Previous simulations and 
data analysis performed by Parente (2016) show that the 
currents induced by these forcings are much smaller than 
the ones created by the wind forcing.
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